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XVIII. Experiments in 1893, 1894, and 1896 upon the

colour-relation between lepidopterous larvfB and
their storro^cndings, and especially the effect of
lichen-covered hark upon Odontopera bidentata,

Gastropacha quercifolia, etc. By Edward B.

PouLTOxV, D.Sc, M.A., LL.D. (Princeton), F.R.S.,

etc., Hope Professor of Zoology in the Univer-

sity of Oxford, Fellow of Jesus College, Oxford.

[Read June Srd, 1903.]

Plates XVI, XVII, and XVIII.

The circumstances under which the experiments re-

corded in the present memoir were undertaken, afford a

good example of the stimulus and encouragement to work
rendered possible by that mutual intercourse and exchange
of experience and ideas which are promoted by meetings
of scientific societies.

In the year 1892 I conducted an extensive series of

experiments upon the adjustment of the colours of the

larvffi of Amphidasis bcttdaria to those of their environ-

ment (Trans. Ent. Soc. Lond., 1892, pp. 337-3G9). Living
examples of the chief results obtained were shown at the

meeting of Section D of the British Association at Edin-
burgh, on August 9th (Report of the 1892 Meeting, p.

786, where however the word " pupffi " is erroneously

printed instead of " larvse "). After the larvae had been
exhibited, Dr. Stacey Wilson, of Birmingham, asked if I

had tried the effect of lichen-covered bark. Dr. Wilson
stated that he had once beaten the larva from a food-

plant with twigs covered by lichen, and that its appear-

ance was entirely different from that usually borne by
hctularia. He looked upon it, in fact, as the larva of

some otlier species, and was only convinced by breeding
tlie moth (Trans. Ent. Soc. Lond., 1892, p. 360). The
idea of making use of an environment of lichen-covered

bark had not occurred to me, and I determined to try
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the experiment on this and other suitable larvae on the

first opportunity.

I propose to state the results of these experiments
forthwith, referring to the plates which accompany the

paper. Hence it will be possible to gather the conclusions

by looking at the few first pages, while those who desire

to study the evidence in detail will find it recorded in the

later part of the memoir.
The first larva which appeared suitable for the purpose

Avas Odontopera bideniata, and Mr. G. T. Porritt very kindly

consented to look out for ec^gs. Mr. Porritt had himself

suggested to me that the larva would probably prove to

be especially suitable for the purpose of this enquiry, and
he wrote on May 9th, " the larva varies so very much in a

wild state according to its food, that I fancy it will form an
interesting subject for your experiments." * On May 9th,

1893, he kindly sent me from Huddersfield a batch laid by a

single female, and, on June loth, a second consignment laid

by two females, from Sledmere on the Yorkshire Wolds.

The first set afforded the material of Experiments I to IX
(including Va) described in this paper. The second mixed
set formed the subject of Experiments X to XVIII.
The chief results of both experiments will be gathered by
a glance at Plate XVI, in which figs. 1 to 5 represent

larvsefrom the first set of eo^gs, fisjs. 6 to 11 larvfe from the

second set. At the same time results like those shown in

the former figures were produced in larvae of the second set

and like those in the latter figures, in larvge of the first set.

The detailed account of the experiments shows the

number of days which elapsed before the influence of each

environment became visible, and the time which was
necessary in order to produce the full effect. A very large

number of records proves that the larvse, in the great

majority of cases, rested by day upon the object which

* Dr. T. A. Chapman wrote to me (June 14, 1903), concerning the

forms and habits of bidentata :~" About fortj^ years ago, I took

three or four beautifully green latticed larva? off the lichen-covered

trunk of an old alder-tree in Glen Messen (Argyleshire). They
were quite new to me, and though very like (of course) bidentata,

I thought they must be something else, a lichen-feeder. When they

produced bidentata, I got no further than wondering whether bidentata

was sometimes a lichen-feeder. I remember well their resting-place

was near the ground, many feet from any leaves,—as long a journey

for feeding as the larva of Aprilina makes,"
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they afterwards came to resemble. This, however, is pro-

bably not the case in the earliest stages, when the larvse

doubtless rest on the leaves and stalks.

The extreme sensitiveness of this larva is clearly shown
by a glance at Plate XVI. The four first figures indicate

a power of adjustment about equal to that of the most
sensitive larva hitherto known, Ampliidasis hctularia (com-
pare Trans. Ent. Soc. Lond., 1892, Plate XIV). The effect

of green leaves and shoots, shown in fig. 5, is however
very inferior to that produced upon hctularia, which
becomes brigrht green in this environment. The effect of

green leaves alone upon hidentata is the same as that

observed in many other larvse, Noctuse as well as Geometrse,

viz, the reduction of the brown ground-colour to a very

pale tint which would be far. less conspicuous than the

more ordinary appearance. The contrast between the

results of an effective environment of green, and nothing

but green, as shown in fig. 5, and of green scattered over a

brown background of bark, as shown in figs. 6 to 11, is very

striking, and suggests renewed experiments with an artificial

arrangement of combined colours. Another interesting fact,

suggesting the restriction of larval susceptibility to the

immediate surface upon which the resting periods are

passed, is the entire absence of any effects traceable to the

green leaves of the food-plant when present with the

other forms of environment employed in these experiments.

The complex nature of the result produced is well seen in

the oblique white lateral marks which are found in larvse

with the green lichen-like patches (figs. 6, 9), and probably

assist in the general effect by breaking up the larval

surface. The green markings are developed in the vicinity

of and include the projecting ridges, etc.—a fact which
is of obvious significance in promoting the resemblance
to small scattered masses of lichen. The various kinds

of lichen made use of did not produce corresponding

effects.* Thus the green dorsal patches shown on the

larvffi which had been exposed to orange lichen (figs, 8,

9) did not differ in any marked degree from those in

which a green lichen had been chosen. It is by no means

* My friend Prufessor S. H. Vines, F.R.S., has very kindly .ijiven

me the probable names of the lichens made use of. They will be
found in the detailed account of the experiments, and in the

description of Plates XVI to XVIII. The names could not be given
with certainty because the specimens themselves had been lost.
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unlikely, however, that under entirely normal conditions

special detailed adjustments of this kind may be brought

about. With regard to the sensitiveness to lichen, hidcntata

appears to be as superior to hetularia, as it is inferior to the

latter larva in sensitiveness to green leaves, so that the

two species may be considered about equal in the power
of colour adjustment. It is interesting to observe that

dark purplish-broAvn twigs with Avhite spots, although

producing lighter larvoe than those upon unspotted but

otherwise similar twigs (compare figs. 4 and 3), did not

lead to the appearance of white marks upon the larvae

(fig. 4).

Dr. Stacey Wilson's experience led me to try the same
experiments with an environment of lichen in the case of

A. hetularia. My friend Mr. Arthur Sidgwick kindly gave

me a small batch of eggs in the summer of 1893, and the

fourteen young larvse which hatched from them were sub-

jected, together with hidentata, to this form of environ-

ment, in Experiments XII to XV. It will be seen

however that eleven of the resulting larvie were yellowish-

green, two brownish-green, and one grey mottled with

brown.

The same experiments produced the larvis of hidcntata

of which typical examples are represented in Plate XVI,
figs. 6—11. So far as any conclusion can be drawn from

these four small experiments, hetularia does not seem to be

nearly so sensitive or so specialized to this form of environ-

ment as hidentata. At the same time lichen must have

been the cause of the hetularia larvae, with one exception,

becoming green ; for ordinary bark tends strongly to

the production of dark forms of this species, even in

the presence of a great preponderance of green leaves

(Trans. Ent. Soc. Lond., 1802, pp. 331, 332). It will be

of interest to repeat these experiments upon a much
larger scale, and to introduce the larvae immediately after

hatching ; but it does not appear to be probable that this

species often exhibits the kind of susceptibility to lichen

observed by Dr. Wilson ; for (1) it is remarkably sensitive

to other surroundings almost throughout its life-history

(see pp. 318—820), and (2) the four small experiments,

conducted in 1893, do prove considerable sensitiveness to

lichen although they did not lead to the production of

lichen-like larvae.

The fortunate discovery of a company of young larv;r
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of Gastropacha riuercifolia by Mr. W. Holland, on July
22nd, 1893, enabled me to experiment on this interesting

sj3ecies, which is well known to present grey and lichen-

like forms. The company, evidentl}' the product of a

single batch of eggs, was so numerous that I was able to

start four experiments with fifteen larvae in each, on
July 28th. All were fed on hawthorn, the food-plant on
which the larvte had been found. This in three cases was
intermixed with environments more or less harmonizing
with known varieties of the larva—the rough black-barked

twigs of the Turkish oak, bramble-stems of a rich reddish-

brown colour, and sticks bearing an abundant growth of

lichen (probably Bamalina farinacca in all cases). In the

fourth case the larvae were as far as possible restricted to

the green leaves and youngest shoots of their food-plant.

It was, however, impossible altogether to exclude shoots

of greyish and reddish-brown shades, and these probably

produced some effect.

At first the young larvae rested chiefly on the food-

plant, but soon preferred the bark of the older wood. The
change took place simultaneously in each of the three

sets containing dark bark and lichen, as will be seen by
a glance at the following summary of Mr. Holland's careful

notes :

—

Dates.
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entirely natural conditions, larva; of the same age would
never be found upon the leaves or green shoots.

It is of interest to notetliat the larva; never rested upon
the lichen itself, but upon the bark of the sticks between
the masses of lichen. This position is consistent with
the larval appearance, which is that of bark partially

grown over with lichen.

There can be little doubt that the larva is influenced by
the colours of the environment from the time at which it

first seeks the older wood, but a certain period is required

before the effects become visible. A very obvious adjust-

ment to the three forms of environment was recorded on
August 14th—so obvious indeed that the first trace of a

visible result might probably have been detected some few
days earlier. The adjustment continued to become more
complete right up to the beginning of hybernation. On
Aug. 31st it was noted that the effects of the three environ-

ments had greatly increased. On Sept. 21st a careful

comparison of all the larvse was made upon a white paper
background. It was then thought that the adjustment
was as complete as it was likely to be before hybernation,
and for many larvie this conclusion was justified. In
others however the effects continued to deepen right on
into October, as will be seen in the complete account of

the experiments. The latest changes probably took place

after the larva? had ceased to feed ; indeed they had eaten
very little for some time previous to October 3rd. The
degree of cryptic adjustment to the three environments
which had been reached by the beginning of hybernation
can be seen by a glance at the upper part of Plate
XVII, where examples of all the types of colouring are

represented.

In arranging the larvas for hybernation many of the

environments were shifted, in order to test the existence

of any larval susceptibility during this period ; and, as no
effects were visible when the larvse were compared after

the winter, these same surroundings were continued in

each case, right up to the time when the nearly mature
larvse were sent to Lord Walsingham for preservation, in

May. The results of various comparisons point to the

conclusion that the larvse of G. quercifolia are not sus-

ceptible to the colours of the environment after the begin-

ning of hybernation. Thus Plate XVIII, fig. 1 represents

a nearly mature larva, of which the appearance before
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hybernation is shown in either fig. 4 or fig. 9 on Plate

XVII. The latter appearance was a response to an en-

vironment of lichen-covered sticks; but after October 16th
these were replaced by black-barked twigs, which it is seen

produced no effect at all. Again, Plate XVIII, fig. 2 repre-

sents a later stage of Plate XVII, fig. G. Here too the
resemblance between older and younger larvse is very close,

although the former had been subjected to the same black

environment after October 16th. The negative result

of a transfer experiment in the opposite direction is seen
in Plate XVII, fig. 14, the representation of a larva which
had been exposed to lichen-covered sticks after October
3rd. All the larvse did not remain as uniform throughout
their life-history as these three. Thus Plate XVIII, fig.

3 represents a nearly mature larva of which the appear-

ance before hybernation is seen in Plate XVII, figs. 4

or 9. In this case the larva darkened considerably after

the winter, although its environment had not been shifted,

but consisted of lichen-covered sticks throughout.

It is probable that the power of adjustment to environ-

ment possessed in so marked a degree by this species is

specially directed to protection during hybernation, when
the food -plants are leafless, and when enemies are often

pressed by hunger. But it is doubtless also of importance
later on when the larva becomes so much larger and would
on this account be far more conspicuous. It is probable,

however, that the caterpillar does not wander from its

food-plaut, and that complete adjustment to the old wood
before hybernation is an adequate defence in the following

spring and summer. If this be correct there would be no
advantage in a prolonged larval susceptibility.

The same relationship between susceptibility and the
particular needs of each species is seen in the effect of

an environment of green leaves and shoots upon G. quer-

cifolia, 0. Jjidentcda, and A. hehdaria. The first-named

probably invariably rests by day, except for a brief period

after leaving the egg, upon the older wood, and the power
of adjustment to leaves and young shoots, being altogether

useless to it, has never been acquired. The last-named,

with its remarkable range of food-plants, including many,
such as broom or rose, in which green shoots are a
prominent feature, is frequently in a position in which
a green colour would best conceal its nearly smooth and
cylindrical form ; and we find that, as a matter of fact,
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it always responds in this way to an environment of the
kind described above. Bidentata doubtless occupies an
intermediate position between the other two species in

this respect. The occasions are probably rare, but not

altogether wanting, in which it is compelled to develop in

a green environment. We find that it has the power of

making some considerable approach towards such surround-

ings, but not of attaining any liigh degree of resemblance to

them. It is probably the case^ however, that the tint which
it produces on green leaves and shoots is of great value

on a pale yellowish-brown bark, which may often form its

enviromnent ; and it may well be that it is something
in common between the light reflected from this and from
green leaves which explains the similarity in the effects

produced upon the larvse.

Typical examples of all the forms of qucrnifolia larvoe

produced in these experiments wei'e shown alive at the

meeting of the Entomological Society of London on May
2nd, 1894, and also at the Soiree of the Royal Society in

the same month. A brief account of the exhibit is printed

in the Proc. Ent. Soc. Lond., 1894, p. xvi. It is also referred

to in Mr. C. G. Barrett's " Lepidoptera of the British

Islands" (Lond., 1896, vol. iii, p. 45).

The nearly mature larvae of quercifolia, forming the

subject of the experiments described in this memoir, were
in almost every case sent to Lord Walsingham, and, with

the exception of one which was spoilt, were kindly preserved

by him. The specimens are now to be seen in the Hope
Department, Oxford University Museum, and in the British

Museum of Natural History.

The last series of experiments described in this paper

grew out of the surprising restriction of susceptibility to

the younger stages of G. quercifolia. The results naturally

suggested further experiments upon other species well

known to be highly sensitive, and I immediately fixed

upon Am/pliidasis betnlaria as the most suitable for the

purpose. The investigation was carried out entirely by
the present writer, in the laboratory at Wykeham House,
Oxford. The results are clearly shown in the accompany-
ing diagram and summary. The Roman figures represent

the corresponding stages of larval life. The shaded squares

indicate stages passed in a black environment, the unshaded,

stages passed in the green surroundings.
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Colour of mature larva;.

5 green, 1 intermediate.

1 dark smoky-black.
1 greenish-brown (inter-

mediate).

1 greyish smoky-black.

9 black (1 dark brownish,
3 with dull greyish patches).

1 grey.

4 black.

5 black (overspread with
grey).

1 brownish-black.

6 dark (with grey
patches).

3 intermediate.

3 dark (respectively

overspread with grey,

greenish on sides, and
with pale yellowish spots).

1 green (with brown
dorsal line and lateral

patches).

2 black.

2 dark overspread with
grey.

1 bright green.

2 green, sprinkled with
grey, 1 greenish inter-

mediate.

1 whitish, 2 blackish
with grey markings.

1 distinct but dull green
with brown broad dorsal

line and slight lateral traces.

A glance at the diagram and results proves conclusively

that there is no restriction of susceptibility to the younger
stages of this species. Experiment B-^ shows the strong

influence of a black environment applied only to the two
latest stages, while A^ shows considerable effects traceable

to black which was present in the 2nd stage only. When
TRANS. ENT. SOC. LOND. 1903.—PART III. (OCT.) 22
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we furthermore take into- account the more intense effects

which were produced as additional stages were exposed to

a dark environment, we may feel confident that every stage

except the 1st and the 5th or 6th, is sensitive. These
require further experimental testing.

A very interesting and unlooked-for effect was produced
in many of the transferred larvas, viz. an overspreading

greyness or the appearance of grey patches. Thus, although
the effect of the earlier surroundings appeared at first

sight to be entirely obliterated, the larva; were nevertheless

unable to develop their full and characteristic response to

the later environment. Details will be found in the account

of the experiments. It only remains to point out that

experiment A^ probably indicates that these larvae are

susceptible to the colours of the branches at a period when
they are at any rate chiefly to be found upon the leaves

and leaf-stalks, and that there was some evidence to show
that the influence of environment mny be largely a question

of time, so that of several larvae passing the same stages in

given surroundings, those which grow most slowly are, on
the whole, the most affected.

First Experiments with Larv^ of
(). bidentata (1803).

The larvas from the first set of eggs sent by Mr. Porritt

from Yorkshire hatched at about the same time, so that

nearly all the experiments recorded on pages 322—325 in

a tabular form were started on the same day, May 22nd.

The observations were in part conducted by Mr. Holland and
in part by me, as is indicated by the initials or name under
the dates in the left-hand column of the table. Hence in

the account of each experiment there is the opportunity of

comparing two independent sets of observations.

The food-plant made use of in all these experiments was
the black poplar {Po'pulus nigra).

A careful comparison of the results of the 10 sets of

experiments (viz. I to IX, including Va) was made by the

present writer on July 6th, 1898, all the larvce being placed
on a background of white. At this time all except one
were in the last stages, and many in all the cylinders were
approaching maturity. Of the forms of environment made
use of, 7 had produced dark larva?, and 3 light.
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A. DARK LARVyE OF BIDENTATA ON JULY 6tH.

I. Black sticks.—Fourteen out of the 15 larvas were very

black, tlie exception being quite small and probably in the

3rd stage. These larvce were the darkest of all the sets.

II. Deep blue |;aj9er spills.—These 12 larvae were very

dark, coming next to those upon the black twigs in this

respect. The dark purplish-black colour was also very

imiform over the whole larval surface corresponding to the

unvarying tints of the environment.

III. Puiplish-hrown tvnc/s.—These 15 Islyvsl) were slightly

more variegated than II, in correspondence with the less

uniform darkness of their environment. Except for this

slight introduction of rather lighter shades these larvae

were as dark as II.

IV. White spotted picoylish-hvum twigs.—These 16 larvae

were dark, but distinctly lighter than those of the three

previous sets. They also varied a little, whereas the

groups first described were more uniform. Although the

relative lightness and the darkness of these larvae, as

compared with III, corresponded to the general effect of

their respective environments, there was no marked
resemblance to the special details of the twigs which
had been carefully selected for Experiment IV.

V. Brovjn tvngs.—The 17 larva:' were distinctly brown
and not nearly so black or purplish as the preceding sets.

The shade of brown varied, being much lighter in the

smaller larvae. The brown larval surface was also some-
what variegated with different shades of the same colour.

Va. Bark oversporad vnth a bright yeUowish-greenp)ovjdery

lichen.—The 18 larva.^ varied very greatly, some being as

dark as the blackest of set I ; many were variegated with

shades of brown, harmonizing well with the environment;
for the lichen soon lost its green tint and became various

shades of brown. This is the only note relating to this

experiment which has been found. There is no doubt that

the young larvae were introduced on May 22nd or 23rd.

VI. Lichen-covered sticks.—The lichen was probably dead
and had become much paler. These larvce too were much
lighter than any of the previous sets, although a few
were quite dark. Nearly all were light brown and much
variegated with shades of brown, harmonizing well with
the environment.

Of the 7 sets of larva" described above, the degrees of
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Dates in 1893.

May 22.

(E. 13. P.)

June 11.

(E. B. P.)

June 19.

(E. B. P.)

June 25.

(E. B. P.)

July 1.

(E. B. P.)

July 6.

Careful com-
parison on
white paper.

(E. B. P.)

Black twigs of

Turkish oak.

II.

Deep blue paper
spills.

Ifi Young larvae

introduced.

(June 9.) Re-fed.

III.

Dark purplish-brown
glossy twigs probably

1 of bu-ch.

IV.

White-spotted
purplish-brown twigs

of birch.

(May 23.) 15 15 larva in- 16 young larvae

young larvae in- troduced (just i
introduced,

troduced. ' hatched).

121arva3 counted;
becoming very
dark.

(June 17.) All All

15 very black like
,

dark,

the twigs.

12 very

(June 16). All

15 dark like the

twigs, but not
markedly purplish.

All 15 on twigs,

very dark and
purplish.

15 counted.

(June 22.) As
before. All at rest

on twigs.

As before,

on spills.

All

As before

on twigs.

all

2 at rest on
green, 13 on twigs.

AH very black.

July 10. 2 at rest on
(W. Holland. ) \ green, 13 on twigs.

All verv black.

July 12.

(W. Holland.)
15 on twigs.

9 on spills, 1 on
green, 2 not noted.

All 12 of a uniform
dark purplish-
black.

12 larva} on
twigs, 4 on green.

All dark, but
greyer than those

in III, and not so

dark as latter.

(June 27.) All

15 dark brown.
(June 27.) Re-fed.

8 on spills, 4 on
green. All very
dark.

9 on spills, 3 on
green.

All 15 on twigs.

All very dark.

13 on twigs, 3

on green. Dark,
but much lighter

and less constant

than III.

14 on twigs, 1
!

15 on twigs, 1

on green. All dark on green. The
purplish-brown. larvae remain

: lighter in tint

than III.

13 on twigs, 2

on green.

13 on twigs, 3

on leaves.
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Reddish-brown
twigs.

j

17 young larviE 14 young larvte
introduced. introduced.

VI.

Lichen-covered
sticks.

All 17 evidently
becoming brown
like the twigs.

(June 9.) Re- fed.

VII.
Weathered pale grey

barkless twigs.

VIII.
Green leaves and
shoots of food-plant
(Populus nigra).

(June 3.) 15
young larv.'e in-

troduced.

Brown like the
twigs.

As before. 14
on twigs, 2 on
gi'cen, 1 uncertain.

14 larvffi ; vari-

able, with no
marked resem-
blance to lichen.

Apparently be-

coming light
brownish and ap-
I^roaching colour
of twigs.

I

All 17 on twigs.
They become much
lighter when
changing skin.

17 on twigs.
Distinctly brown,
and not purplish
like III and IV.

10 on sticks, 4
on green. Some
distinctly varie-

gated light and
dark brown, but
no green marks
yet.

(June 18.) 13
on twigs, 1 on
muslin roof, 1 on
green. All closely

resemble twigs.

15 young larvae

introduced.

All 1 5 very
pale brown

IX.
Orange paper

spills.

15 young larvae

introduced.

(June 22.) 10
on twigs, 1 on
muslin, 3 on green.

9 on sticks, 5
on green. Larvae
still very varie-

(Junel7.) All
15 very pale
brown, some
faintly greenish.

6 on spills, 1

on muslin roof,

8 on green. All
very light brown.

(June 22). As 14 on spills, 1

before

13 on twigs, 1

on green.

16 on twigs, 1

on green. All
brown as before.

on green. Colour
as before.

12 on sticks, 2
on green. A few
dark but mostly
light and varie-

gated with shades
of brown.

16 on twigs,

I

on green.

12 on sticks, 2
on green. Two
larvae variegated
with dark green :

the rest as before,

but darker brown.

All 14 light grey
and harmonizing
perfectly with
twigs.

13 on sticks, 1

on green. 4 larvae

with dark green
patches, strongly
develojjed in 2 of
them.

10 on twigs, 4
on green. 1 larva
injured. Apjiear-
ance as before.

11 on twig.s, 2
on green.

14 larvae. All
very light
brown, but not
greenish

.

All 15 on spills.

Larvae resemble
VlII, only not
qiiite so light.

11 on spills, 4
on green. Very
light yellowish-
brown.

12 on spills, 3
on green.
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Dates in 1893. Black twigs of

Turkish oak.
Deep blue paper

si:)ills.

III.

Dark purplLsh-browii
glos.sy twigs probably

of bircli.

IV.
White-sijotted

purjjlish-brown twigs
of birch.

July 15. 15 on twiijs.

(W. Holland.) very black.'

All 10 on spills, 2

on green. AH very
dark.

14 on twigs, 1

on green. All very
dark purplish-
brown.

12 on twigs, 4
on green. Colour
darkish brown but
distinctly paler

than III.

July 18.

(W. Holland.)

July 23.

(W. Holland.)

July 27.

Careful com-
parison

(E. B. P.)

As befort As befort As before. As before.

As before. Some mature
and spinning up.

Some pupating. 6 larvre remain,

All black, but one ' nearly mature. All

has very faint > wr/yclark purplish,

traces of green on
j

almost black, as

sides anteriorly, on many pievious

These 1 a r v ib occasions.

blacker and less

purple than those

with blue spills

(ID-

July 28.
I

8 larvai still 5 still feeding.

(W. Holland.) feeding. All on ; 4 on spills, 1 on
twigs. leaf

1
Aug. 3.

I (W. Holland.)

(Aug. 8.

W. Holland.)

(July 31.) A
typical larva
painted ; shown in

Plate XVI, fig. 1.

(Aug. 4.) Re"- fed.

Re-fed. . One or

two still feeding.

As before.

All a very uniform
dark purplish-
brown, almost
black, but not so

much so as those

with the blue

spills.

As before.

All dark greyish-

brown and very

uniform.

9 still feeding : 12 still feeding :

all on twigs, all on twigs.

(July 30.) A,(Jtily 30.) A
ty]ncal larvatypical larva
painted ; shown in painted ; shown in

Plate XVI, fig. 3. Plate XVI, fig. 4.

5 still feeding.

4 on twigs, 1 on

green.

As before. All 5

on twigs.

6 feeding,

on twigs.

All

5 feeding : all

on twigs. Colour

as before. (Aug.

19.) 3 still feed-

ing.
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Reddish-brown
twigs.

VI.
Lichen-covered

sticks.

10 on twigs, 7 on 10 on sticks, 4

gi'een. All brown on green. 6 with
like twigs.

|

green patches,
' very marked in 2.

VII.
Weathered jjale grey

barkless twigs.

VIII.
Green loaves and
ilioots of food-plant
{Pox'ulua ni'jra).

12 on twigs, 1

on green. All very
I

pale and extremely
j

like twiffs. '

IX.
Orange paijer

.siJills.

11 on spills, 4

on green. AH
pale yellowish-

brown.

As before.

Some 1 a r V a;

mature.

As before. Some
larvae mature.

Others mature.

As before.

As before.

As before.

Some larvai have
become of a much
darker brown i or

lately. The change
probably due to i

maturity.

I

3 or 4 with
green patches, 3

4 with brown.

All now much
darker, but still

like the darker
twigs in the

cylinder. Some
mature.

10 still feeding. 7 feeding.

8 on twigs, 2 on on sticks.

green.

All

Some
mature,

larvae

Larvie very Very light

light brown, brown, like VIII.

like IX.

10 feeding ; all

on twigs. A typical

larva was painted

;

shown on Plato

XVI, fig. 2.

(July 31.) A I 7 feeding, all

typical larva ou spills.

painted ; shown
on Plate XVI,

4 feedino

on twigs.

All 2 feeding. 6 on twigs,

green.

1 on I 6 feeding. All

i
pale brown.

(Aug. 19.

still feeding.

(Aug. 18.

pupated.

All 7 still feeding.

(Aug. 19.) 2 still

t'eediua;.

5 feeding, 1

dead. (Aug. 19.

)

5 feeding ; all : 20. ) AH pupated,

very pale brown.
4 feeding on
Aug. 26, and 1

or more ou Aug.
31.
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darkness follow in the same order as that in which the

results are recorded, except that V and Va were much
alike, the brown differing in tint rather than in depth.

VI were much lighter than any of the others.

B. LIGHT LARV^ OF BIDENTATA ON JULY 6tH.

VII. Weathered grey harJdcss twigs.—The larva? were

very light ; of a distinct grey colour, harmonizing perfectly

with the environment.

VIII. Green leaves and shoots of food-plant.—The 14

larvae were all very light brown but not at all greenish.

IX. Orange paper sinlls.—The 15 larvae closely re-

sembled VIII, but were not quite so light.

Some of the results of this comparison have been

incorporated in the tabular statement. Another careful

comparison was made on July 27th, but in this case it

was possible to include the whole in the table.

Second Experiments with Larv^ of O. bidentata.
Experiments with Lichen on Larv^ of

a. betularia (1893).

In sending the second mixed set of eggs of bidentata,

Mr. Porritt wrote on June 13th, 1893—" I certainly had

no expectation of seeing any more Odontopera bidentata

this season. However, when collecting on Saturday, at

Sledmere, in a high wood on the Yorkshire Wolds, I found

several ! Two of the females have deposited a few eggs,

which I forward at once with this. Sledmere is on the

chalk, and hidentata tliere is quite of a different type to

our West Riding moth, being of the pale, ochreous banded,

distinctly southern form."

The eggs were placed in a single cylinder, and as soon

as a sufficient number of larviu had hatched, I started

Experiments X to XV, between June 27th and July 3rd,

the 14 larva3 of A. hetidaria received from Mr. Arthur
Sidgwick being divided between Experiments XII to XV.
Experiments XVI to XVIII were started on August 3rd

by Mr. Holland, with the latest larvae of hidentata. All

the observations on Experiments X to XVIII recorded

in the tabular statement on pages 328—331 were made by

Mr. Holland. The food-plant used throughout was Popnlus

nigra. When flat pieces of bark were introduced (XII,
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XIII, XIV, as well as Va in the first series of experiments),

they were tied together in pairs with the lichen-covered

surfaces outwards.

Experiments XVI, XVII, and XVIII with the Larv^
OF O. bidentata upon Green Leaves and Shoots

OF THE Food-plant {Poimlus nigra).

The results of these experiments were uniform, and
require so little description that a tabular form of

presentation is unnecessary.

Experiments XVI (10 young larvse), XVII (17 larvse),

and XVIII (14 larvee) were begun by Mr. Holland on August
8rd, 1898. He recorded that the larvae of XVI were pale

brown, 2 of them rather variegated ; while of XVII, 14
were pale brown and 3 rather variegated. Of XVIII no
record was made. The larvas were the last hatched from
the mixed batch of eggs which supplied the material for

Experiments X to XV.
August 8th. All re-fed. Sixteen larvaii in XVII.
Attgust 12th. XVI and XVIII re-fed ; the latter noted

as nearly all pale brown, a few rather variegated.

Attgttst loth and \Wi. XVI and XVIII re-fed ; larvae

10 and 14 respectively.

August 17th. XVt I re-fed ; 16 larvae.

August 21st. XVII re-fed ; 8 larvae had escaped. The
10 larvae in XVI were all of a pale brown colour.

August 22nd. XVIII, 13 larvae pale brown, 1 darker
with a few green markings.

August 2Qth and 31s;;. All re-fed ; larvi^ 10, 8, and 14
respectively.

Sejjtemhcr Mh. XVI, becoming mature (2 still feeding

on 9th and 13th ; no further notes on this set). XVII, 7

larvae, all pale brown. XVIII, 14 larva?,

September 8th. XVII, 2 mature (all mature on 13th).

XVIII, 1 mature, 1 dead. Of 12 still feeding, 10 pale

brown, 2 rather darker brown. Two out of the 12 slightly

tinged with green.

September 12th. XVIII, 6 still feeding. On the
18th they were neither pupating nor feeding, and on the
23rd the last died. It appears possible that there was
a tendency towards hybernation on the part of the larvae

with the slowest rate of gTowth.
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Dates in
1893.

June 27.

X.
Dark pui-i)lisli-brown

glossy twigs,
probalily nf Ijii'ch.

(July 2.) 13 small

larvre introduced,

mostly ill 2nd stage.

XI.
llc'ddisli-ljiowii

twigs.

(Julys.) 20 larvs
introduced, at begin-

ning of second stage.

The smallest about
5*5 mm. long, and
none much longer.

XII.
Bark covered with

bright yello-wishgrecu
powdery lichen, the colour
of which faded and left

the dark bark.

Half of the larvoe 20 counted, A few-

becoming purplisli. :
becoming reddish-

July 12.
I

1 brown.

Re-fed. Re-fed. 20 counted.

9 on twigs, 4

July 18. green.

10 on twigs, 8 on
green. Larv;e becom-
ing dark reddish-

brown and variegated.

July 23.

(July 24.) 12 on
j

15 on twigs, 1 on
twigs, 1 on green,

i

green, 1 on muslin.

Almost all dark. I As before.

July 28.

3 hctularia, smaller
than in XIII and
XV, introduced. 15
hidentata, .similar to

those introduced in

XIII.

3 helularia, pale

yellowish - green. 15
hidentata variegated.

Re-fed.

counted.
3 and 15

2 helularia, mature.
14 hidentata, all

darkish, variegated.

Last hctularia

mature. 10 hidentata

on bark, 1 on green, 3

on muslin. All varie-

gated brown, slightly

touched witli green

and with white dashes '

along sides.

12 on twigs, 1 on (July 27.) 12 on ' 13, all on bark (as

green. 10 dark brown, twigs, 4 on green, 1 also on Aug. 1). About
variegated; 3 paler on muslin. 8 changed
and less variegated. skin and of a more

uniform brown colour.

half darker, but all

'

still variegated. All

'

except 2 with more

!

or less green. '

Aug. 3.

11 on twigs, 2 on
green. 11 dark brown
and more uniform
than before, 2 rather

paler. One or two
have patches of pale

(July 31.) 14 on
twigs, 1 on gi'een.

8 brown like the

twigs ; 4 paler and
less uniform ; 3 varie-

gated and patched
[

nients XII to XV.
with green. (Aug. 4.)

12 on twigs, 2 on
gi'een, 1 on muslin.

A.S before.

12 on bark, 1 on
muslin. As before,

but have become
darker. This is the

darkest set of E.vperi-
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XIII.
Bark covered with

bluish-green lichen, probably
Physcia pulvcrulenta.

3 hctularia, about 12

mm. long, introduced.

12 hidentaia, about 6

mm. long, introduced,

mostly chaugiug skin.

2 behclaria yellowisli-

i

green, 1 brownish-green.

10 bldanUtta much
variegated.

XIV.
Bark covered with orange
lichen, jirobably Physcia
2xirictina, combined witli

P. pulvcrulcdta.

(June 25.) 4 bdularia,

about 7 mm. long, intro-

duced. 1 changing first

or second skin, others

rather larger. 8 hideiUata,

about 6 mm. long, in-

troduced.

XV.
Lichen-covered sticks

The lichen probably
Ramalina farinacea.

4 bdularia and 10
bidcntata introduced.

Both similar to those in

XIII.

Re-fed.

counted.
3 and 10

3 betularia

yellowish-green, 1

mottled with brown, ti

much smaller than others,

Bideutata rather pale,

yariegated.

pale
I

3 betularia yellowish-

grey
]

green, 1 dark brownish-

green. B identata
mottled.

Betularia, all mature.
9 bidentaia much
variegated.

2 yellowish - green i 4 and 10 counted,

betularia still feeding. Betularia as before.

All betularia mature, i 3 betularia mature,
4 bidentata on bark, 3

,

1 escaped. 10 bidentata

on green. All brightly
^

dark, mottled ; some
variegated. I green on sides.

8 on bark, 1 on green. ' 4 on bark, 3 on green. (July 24.) 8 on sticks,

2 seemed unhealthy. All
j

All brightly variegated
|

1 on green, 1 on muslin,

much variegated with I with shades of brown, , Nearly all patched with
pale brown and green. and patched with green, green.

Small white dashes on
, ;

sides.

7 on bark, 1 on green.
' Colours as before. Typical
larvffi painted, Aug. 1st

and 3rd, shown in Plate

I

XVI, figs. 6 and 7.

8 on bark. 1 unhealthy.
6 brown, lighter than in

XII, brightly mottled
with paler brown and
green. 1 paler, less varie-

gated, with little green.

1 small and pale, without
green. White lateral

I das^hes only on form'er 6.

6 on bark, 1 on green.

As before.

10 on sticks. 6 darkish

brown mottled with green

and paler brown : white
dashes on sides. 3

similar but paler. 1

without green.

7 on bark. All changed
skin. 1 blackish-brown,

4 darkish brown, 2 lighter

brown ; all variegated

with much green, and the
darker ones also with
paler brown. All with
lateral white dashes.

7 brown, more or less

patched with green, some
very strongly. 1 grey
and brown strongly

patched with pale green.

2 pale brown with little

green. Most show white
lateral dashes.
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Dates in
1893.

Dark purplish-brown
glossy twigs,

probably of birch.

9 on twigs, 4 on
green. Alldark brown,
some with a little

green.

XI.
Reddish-brown

twigs.

(Aug.
twigs, 1

7.) 14
on crreen.

i
Aug. 8,

XII.
Bark covered with

bright yellowish-green
powdery lichen, the colour
of which faded and left

the dark bark.

(Aug. 10.) 13 on
twigs, '2 on gi'een.

All brown, mostly

I

(Aug. 10.) 11 on

I

twigs, 2 on green.

I

11 purplish-brown, 2 ,
_,

Aug. 1 2. rather paler. Several i rather darker than
larvae with green twigs, but 4 rather

I patches on sides.
!
paler. Several patched

;

with gi'eeu.

Aug. 15.

Aug. 19.

Aug. 21.

Aug. 26.

Aug. 30.

\ 12 on twigs, 1 on
green. As before.

12 on twigs, 3 on
green. As before.

10 on bark, 3 on
green. 10 of a rich

dark brown patched
with lighter brown
and green : 3 lighter

brown variegated with
still paler brown and
green. All but one of
these paler larvte with
little white dashes on
sides. The green marks
less pronounced than
in XIII and XIV.

10 on bark, 2 on
green, 1 on muslin.

(Aug. 14.) 10 on
bark, 2 on green. All
but 2 very dark brown,
with far less green
than XIII and XIV.

;

10 on twigs, 2 on 10 on twigs, 5 on
green. Purplish- green. All brown,
brown, several with a several patched with
little green. 2 rather green,

paler brown.
|

12 larvaj, as before.

8 on twigs, 4 on
j

(Aug. 22.) 12 on
green. 10 purplish-

\

twigs, 3 on green,

brown, 2 brown. Only
|

All brown, 8 resemb-
1 or 2 slightly marked ,

ling twigs, 2 rather

with green.
j

darker, 2 rather

i

lighter.

(Aug. 25.) 12 on
sticks.

9 on sticks, 2 on
green. 1 mature.

Sept. 5.

Mostly mature. 2
feeding Sept. 8. All
mature Sept. 13.

Re-fed.

2 mature, and 2

move on Aug. 31.

(Sept. 4.) Nearly
all mature. Only 1

feeding Sept. 9.

(Aug. 22.) 9 on
bark, 3 on green.

10 on bark, 2 dead.

6 on bark, 4 on
green. The colour of

the lichen had faded,

and left the dark
bark.

(Sept. 4.) Larvie

becoming mature. A
few still feeding Sept.

9 and 13.
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xiri.
Bark covered with

bluish-green lichen, probably
Phyacia pidverulciUa.

5 on bark,

As before.

2 on "reen.

(Aug. 14.) 7 on bark.

As before, except that

smallest larva now marked
with green.

7 on bark. Brown,
variegated with paler

brown and with green

(strongly 5, less strongly

2).

6 on bai'k, 1 on green.

Colour as before.

(Aug. 25.) 6 on bark,

1 on green.

XIV.
Bark covered with orange
lichen, probably Physcin,
parietina, combined with

P. piilverulenta.

7 on bark. As before.

Typical larviB painted
Aug. 4 and 5, shown in

Plate XVI, figs. 8 and 9.

XV.
Lichen-covered sticks.

The lichen probably
Ramalina farinacea.

10 on sticks. As
before.

(Aug. 10.) A typical

larva painted, shown in

Plate XVI, fig. 10.

(Aug. 14.) 7 on bark.

Lighter and greyer
gi-ound - colour. Green
patches very marked.

(Aug. 14. ) 10 on sticks.

8 grey - brown mottled
with darker brown and
much green, so that some
are half green ; 2 similar

but browner.

5 on bark, 2 on green.

Colour as before.

10 on sticks,

as before.

Colour

6 on bark. All varie-

gated greyish - brown,
strongly patched with
green. AVhite lateral

dashes.

(Aug. 25. ) 6 on bark.

10 on sticks,

before.

As

(Aug. 25. ) 9 on twigs,

1 on floor.

2 mature. A typical

larva painted Aug. 31,

shown in Plate XVI,
fig. 11.

6 on bark. Colour as

on Aug. 21.

Larvae becoming mature.

(Sept. 4,) All mature. All mature except one.

Last mature Sept. 8.

All mature.
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Experiments upon the Larvjs of Gastropacha
quercifolia (1898-4).

On July 22nd, 1893, Mr. W. Holland found a company
of young larva;' of this species crowded together towards
the end of a shoot of hawthorn near Steeple Aston, Oxford-

shire. They were all the same size, and had evidently not

long before hatched from a single batch of eggs. Thus was
afforded the opportunity of trying another set of experi-

ments upon a larva which is known sometimes to assume
a lichen-like appearance. Furthermore, there was the

additional interest of testing larval susceptibility to en-

vironment before, during, and after hybernation. The
food-plant employed throughout was hawthorn. The
present writer is responsible for the starting of the experi-

ments, the arrangements for hybernation, and thecomparison
of larva' on September 21 st, October 3rd to November 3rd,

March 2Gth, April 27tli, May 7th and 25th. The other

records were chiefly made by Mr. W.Holland, in much less

part by the present writer.

I. G. quercifolia.

July 28//!., 1893. Fifteen larvae of quercifolia placed

with intensely black twigs of the Turkish oak {Quercus

eerris), intermixed with their food-plant, hawthorn. They
were re-fed and examined on the following dates.

Attgust 1st. Twelve larvoe on the green leaves and
shoots, 3 on the black twigs. All blackish-grey in colour.

August 5th. Four larvae on the leaves and shoots, 11 on
the black twigs.

Au.gust 9tJi. Three larva; on the leaves and shoots, 12
on the black twigs.

August IMh. Fifteen larvte counted ; all on the black

twigs. The colours were black and white with a little

grey.

August 19/A. All 15 larvge on black twigs.

August 22nd. All 15 larvse on black twigs.

August 21st. All 15 larva? on black twigs. The larva'

were now much blacker, but white markings were still

present,

Se])temher 4<th. Fifteen counted.

Se2)tembcr 7th. Fifteen larvse on black twigs.

Sqjtemher 0th. Fifteen larvjB on black twigs.
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Sq')tcml3cr 14t7i. Fifteen larvre on black twigs, 2

blackish, 13 black with white markings.

September 16th. Fifteen larvjB on black twigs.

Septemher IHth. Fifteen counted.

Septcmhcr IXst. Fourteen larvae on twigs, and 1 little

one on leaf. The larvae were re-fed on September 26th

and 30th.

II. G. qnercifolia.

July 28th, 1803. Fifteen larvae of qucrcifolia placed with
sticks profusely covered with lichen (probably Ramalina
farinacea was employed thoughout) intermixed with their

food-plant, hawthorn. They were re-fed and examined on
the following dates.

August \st. One larva on lichen-covered stick ; all the

others on leaves and leaf-stalks. All blackish-grey in colour.

August 5th. Twelve larva? on lichen-covered sticks ; 3

on food-plant.

August dth. Fourteen larva? on lichen-covered sticks
;

1 on food -plant.

August 14^A. Fourteen larva? on lichen-covered sticks.

Colours black with white and grey markings ; the latter

larger than on the larvae of the other experiments,

August 19th. Thirteen larvop on sticks ; 1 on food-

plant.

August 22nd. Thiiteon larva; on sticks.

August 2Qth. Thirteen larva; on sticks.

August ^Ist. Thirteen larva? on sticks. The white
and grey markings had now developed to a much greater

extent.

September ^th. Thirteen larva? on sticks.

Septemher Oth. Thirteen larvae on sticks.

September 14th. Twelve larva? on sticks Colours
white and grey and black, except in the case of 2 larvae

without any black.

September l%th. Twelve larva? counted.

September 18th. Twelve larvae on sticks.

September 21st. Nine larvae on sticks ; 3 on the twigs
of hawthorn. At this time of the year it was almost
impossible to get a sufficient quantity of the green shoots

of the hawthorn, so that darker twigs were sometimes
included, and upon these the larvas occasionally rested.

The larvae never rested upon the lichen itself, but on the

surface of the ba.rk between the masses.
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The 12 larvae were re-fed on September 26th and 30th,

and on October 3rd and 7th.

III. G. qucrcifolia.

July 2Sth, 1893. Fifteen of the qucrcifolia placed with
red-brown stems of the bramble, intermixed with their

food-plant, hawthorn. They were re-fed and examined
on the following dates.

August 1st. Only 1 resting on bramble stem, others on
leaf-stalks. Blackish-grey in colour.

August btli. Seven on stems, 5 on green parts of food-

plant, 3 on gauze top of cylinder.

Augitst 9th. Thirteen on stems, 1 on green parts of

food-plant, 1 missing.

August IMh. Fourteen on stems. Some black with

white markings, some grey and some mottled reddish-

brown.

August 19th. Fourteen on stems.

August 22nd. One missing, all on stems.

August 2Qth. Thirteen counted.

August 81s/. Thirteen on stems. All were now grey-

brown with black and white markings.

September ith. Thirteen on stems.

Septeiiiber 7th. Thirteen on stems.

Septeiiiber 9th. Thirteen on stems.

Septeniber 14:th. The colours were now as follows :

—

1 brown and grey with white markings, 2 brown with white

markings, 3 brown with various shades of grey, 3 grey and
brown with white markings, 2 grey with white markings
and brown patches, 2 dark grey with white markings.

September 16th. Thirteen counted.

September 18th. Thirteen on stems.

Septemher 21st. Twelve on stems ; 1 on hawthorn
twig.

They were also re-fed on September 26th, 30th, October

3rd and 7th.

IV. G. qucrcifolia,

July 28th, 1893. Fifteen larva? of qucrcifolia placed

with green leaves and shoots of the hawthorn. They were

re-fed and examined on the following dates.

August 4tth. Fifteen counted. Blackish-grey in colour.

August 8th. Fifteen counted.
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August \^t]i. Fifteen counted. Rather variable in

colour, but somewhat greyer than at first.

August 19th. Fifteen counted.

August 1%id. Fifteen counted.

August 2(\tli. Fourteen counted.

Sejitemhcr 1st. Fourteen counted.

September oth. Fourteen counted.

September 9th. Fourteen counted.

September IWi. Fourteen counted. Colour variable

:

3 black and white ; 9 grey and black-and-white ; 2 grey
and brown-and-white.

September IQth. Fourteen counted.

September 18th. Fourteen counted.

September 21st. Fourteen counted. All on the shoots

of the hawthorn.
September 2&h. Fourteen counted.

October Srd. Fourteen counted.

October 7th. Fourteen counted.

October ISth. Fourteen counted. Colour unchanged,
but rather darker than when last noted. Arranged for

hybernation in two muslin bags on the hawthorn tree

described on p. 337 ; one bag containing the 7 darkest, the

other the 7 lightest.

First General Comparisox (September 21st), all
THE QUERCIFOLIA LaRV.E BEING PLACED UPON A

UNIFORM BACKGROUND OF WHITE PAPER.

I. 0. qucrcifoHa.

As regards the larva; with black twigs of Turkish oak, it

should be noted that the moisture in the glass cylinders

had eucouraged the growth of small whitish spots of mould
upon the dark bark, and it is possible that some etfect. may
have been produced by their presence in the environment.

Of the 15 larva:, 6 were remarkable for the veiy .slight

development of light markings upon the intense black

ground-colour : in one larva indeed the light markings
were altogether wanting. The remaining 9 larvae were
black, chequered with white markings, which were however
far less developed than in the former group which had
been with lichen-covered sticks. The ground-colour of

these 15 larvse differed strongly from that of all the others

in its deep black shade.

TRANS. ENT. SOC. LOND. 1903.—PART IIL TOCT.) 23
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Two of the 6 caterpillars described above, including the

uniformly dark one, were selected for painting, together

with a representative of the 9 chequered larvae. The larva

without white markings was painted by Mr. Bayzand on
September 23rd, and is shown on Plate XVII, fig. 2 ; the

one with minute white markings on September 26th

(Plate XYII, fig. 3), and the chequered larva on September
25th (Plate XVII, fig. 1).

II. G. qucrcifolia.

By far the most marked result Avas seen in the 12 larvae

with an environment of lichen-covered sticks. Not one of

the 12 could be mistaken for any larva of the other

groups. In the case of 4 larvae the eliects were especially

marked, these being of a light colour over nearly the whole
of the exposed surface, the black ground-colour quite

rej^laced by a pale brownish tint in one and by grey in the

others. The 8 remaining larvae closely resembled each

other, being dark chequered with white ; but the ground-
colour, although dark, was not black like that of the larvjf

with Turkish oak (I), while the white markings possessed

a greyish tinge in one larva and a bluish in another.

The 4 larva^ first mentioned were separated from the

others for painting at this date, together with the one in

which the markings were bluish-white, and another repre-

sentative of the commonest type of appearance, viz. a dark
ground-colour with white markings.

III. G. qucrcifolia.

The ground-colour of all the larva? with brown bramble-
stems was very dusky and brownish. Five of them had a

distinct brown patch on each side of the 2nd abdominal
segment, partially extending on to the 1st, and another
patch on the dorsal surface of the 5th abdominal. The
dorsal hum]) on the 8th abdominal, and in some larvae the
area surrounding its base, were also brown. In the remain-
ing larva? the light markings were more generally greyish
than white, and were often evanescent. Of the first-named
5 larva^ only one had the light markings well developed, and
this was selected for painting together with another in which
these markings were almost absent. The remaining larva?

were similarly represented by the larva with the white
markings best developed and the one in which they were
feeblest.
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lY. G. qttercifolia.

The larvae with green leaves and shoots were very

varied, showing tendencies in the direction of all the other

groups, but chiefly resembling the chequered black-and-

white larvEe with the black twigs of Turkish oak, although

the ground-colour was not nearly so dark. A few tended
toAvards the greater development of the light markings
which was characteristic of the group with the lichen-

covered sticks, while all of them approached the larva?

with the brown stems in the dusky tint of the dark ground-
colour. There was no reason for painting any of these

larvae.

Arrangements for Hybernation and final
Comparison of the quercifolia larvje

before Hybernation.

I. G. qncrcAfolia.

October Srd. Larvae with black twigs. It was evident

that the larvae were ready to hybernate. They had eaten

very little, and some of them were spinning a foot-hold.

The size was that shown on Plate XVII, figs. 1 to 3. A
great change had taken place since the last comparison on
September 21st : only 3 larva- instead of 9 were now
chequered black-and-white, G having become nearly as dark
as 5 out of the 6 darkest members of the group. The
white patches of the chequered individual painted on
September 25th were now far duller and less conspicuovis.

The larvae of this and all the other series were specially

arranged so as to test for the existence of any susceptibility

to the colours of the environment during hybernation. All

were enclosed in muslin sleeves upon a large hawthorn
tree, with pink double flowers, in the garden of Wykeham
House, Oxford. It should be noted that the branches
enclosed in the sleeves were very dark, although not so

intense a black as the twigs of the Turkish oak.

A. The 3 chequered black-and-white larvae were enclosed

with an abundance of black twigs of Turkish oak.

B. The 5 darkest were similarly placed with lichen-

covered twigs.

C. Six dark larvfe, but not quite so dark as the last lot,

"were similarly enclosed with black twigs.
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II. G. quercifolia.

October iQth. Larvse with lichen-covered sticks. Many
of these larva? had also undergone considerable chancres

. . .
^

since September 21st ; so much so indeed in certain cases,

that two of the examples set aside for painting had to be
changed for others which better represented the appear-

ance borne by the former when they were selected. Of
the 4 lightest larvse on September 21st only one remained
greyish (painted October 2nd, shown in Plate XVII, fig. 6);

2 were now of a brownish tinge (painted October 3rd, fig.

4, and October 7th, fig. 9, Plate XVII) ; while the 4th

had become so much darker that another brownish larva

was substituted for painting (painted October 6th, fig. 5,

Plate XVII). The latter was not, however, as light as any
of the other 3 set aside on Sept. 21st. Of the other 2

darker larva? previously selected for painting, the one with

bluish-white spots had altered, and another more like its

former appearance was substituted (painted October 9th,

Fig. 8, Plate XVII). The remaining 6 dark, white-marked
unpainted larvfe had not changed, except that the white

marks upon two of them had become smaller and less

conspicuous.

These 6 larva?, with the dark, white-marked one which
was painted on October 10th, and is shown on Plate XVII,
fig. 7, were divided into two groups for hybernation.

D. Four dark, white-marked larvae, including the darkest

larva of all the 7 with the smallest white spots, were
enclosed with lichen-covered sticks.

E. Three dark, white-marked larvpe, including the

darkest larva but one of all the 7, were enclosed with

black twigs of the Turkish oak.

The 3 lightest larvse were thus treated.

F. One la.rva was enclosed with lichen-covered sticks

(Plate XVII, figs. 4 or 9).

G. Two larvae,, including the greyish one (Plate XVII,
fig. 6), were enclosed with black twigs. The other larva

is represented in Plate XVII, figs. 4 or 9.

H. The two remaining larvae which had been substituted

for painting, viz. the brownish larva (Plate XVII, fig. 5),

and the dark one with bluish-white marks (Plate XVII,
fig. 8), were enclosed with lichen-covered sticks.
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III. G. quercifolia.

Novcmhcr Srd. The larvae with browu bramble-stems were
compared and arranged for hybernation. The larvas were
more distinctly brown and more uniformly so than when
last compared. The brown patches on three parts of the

surface of certain larvae, viz. the 2nd, 5th, and 8th

abdominal segments, were still evident and more distinct

than ever. On some individuals they had increased in

size. In only a single larva were the light patches at all

large and conspicuous. Seven larvae were very uniform
in appearance—dark brown with light brown patches

generally present. The remaining 4 larvae were also dark
brown, but 1 was distinctly marked with wdiite, 2 less

distinctly marked with brownish-white, while the dorsal

svirface of 1 was overspread with grey. The latter larva

was painted on October 17th (Plate XVII, fig. 12). One
of the brownish-Avhite-marked larvfe was painted on October
13th (Plate XVII, fig. 10) ; and 2 of the 7 first described

were painted on September 80th (Plate XVII, fig. 11) and
October 16th (Plate XVII, fig. 13).

This group of larvae was arranged for hybernation as

follows :

—

I. Four of the 7 uniform larvas were enclosed with

lichen-covered sticks.

J. The remaining 3 were enclosed with black twigs.

K. The 4 more spotted or lighter larva? were enclosed

with brown stems.

First General Comparison after hybernation,
March 26th, 1894.

The weather was very warm on March 25th and 26th,

and the buds of the hawthorn were well out.

I. THE 14 quercifolia LARV.E ON BLACK TWIGS BEFORE
HYBERNATION.

A. The 3 chequered larv/e icith Hack tivigs.—All three

larvae were quite healthy, and freely moved about when
disturbed. Two were at rest on the black twigs, 1 was
walking about, probably disturbed by the examination.

They had eaten many of the buds, and one had changed
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its skin probably since hybernation : the old skin was
found in the muslin bag.

B. The 5 darkest larvm ivith lichcn-covcred sticks.—All

the larvae were in the same healthy and vigorous condition

as those just described, and had eaten the buds of the

hawthorn. Ev^ery trace of the winter torpor had dis-

appeared, and they moved freely when touched. The
larvse were uniformly dark brown, and quite unaffected by
the presence of the lichen. Four were resting on a branch
of the hawthorn, while one was on the muslin.

C. The 6 darJv larv<v vjifh hlacJc tioigs.—Three were dead
and dried up, 2 in the bag and 1 still fixed to a branch of

the hawthorn. Of the living larvse, 2 were fixed to the

muslin and 1 to a branch. One larva appeared to be
unhealthy. One had changed its skin, and the hawthorn-

buds had been eaten. All the larvas, including the dead

cues, were uniformly dark.

It was clear from this comparison that no change had
been wrought by the winter surroundings.

II. THE 12 QUERCIFOLIA LARV^ WITH LICHEN-COVERED
STICKS BEFORE HYBERNATION.

D. The 4 dark, vjhitc-marked larviB, including the darkest

of the 12, with lichen-covered sticks.—These larvae had
evidently eaten, and were healthy and easily disturbed.

Three were on branches of the hawthorn, and 1 on a

lichen-covered stick, but all liad left their silken foot-holds.

All retained the appearance they possessed before hyberna-

tion : the contrast between dark ground-colour and light

markings was weakest in the larva on the lichen-covered

stick.

E. The 3 dark, tvhitc-marked larv/u, including the darkest

hut 1 of the 12, with black ttvigs.—All 8 larvas were on the

hawthorn branch, and were in the same condition as the

above-described set (D). One was resting on a silken

foot-hold, but this was probably accidental, as there was
no trace of torpidity. All possessed the lichen-like

appearance borne before hybernation.

F. One of the 3 lightest larvae, with lichcn-corcrcd sticks.—
The larva was resting on the muslin. It was doubtful

whether anything had been eaten, but the larva readily

moved on disturbance, and was not resting upon a foot-hold.

It still remained one of the three lightest larvas, and had
not undergone any change during hybernation.
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G. Tiro of the 3 lightest lariw, with black twigs.—Both
larva? were healthy and irritable ; they had evidently eaten.

One was resting on the hawthorn branch and 1 on a

black twig. They still remained very light, like that

described above (F), and were quite unaffected by their

dark surroundings during hybernation.

H. The 2 Ia7w/B—the brovmish one and that -with bluish-

white spots—loith lichen-covered sticks.—Tt is improbable
that anything had been eaten, and these larvae did not

appear to have emerged from hybernation. The one with
bluish-grey marks was upon a lichen-covered stick : it was
shrunken, and it appeared doubtful whether it would
survive. The other was still attached to its foot-hold on
the hawthorn branch, and had evidently not moved during
the winter. It was very lichen-like, and entirely unchanged
by its winter environment.

III. THE 11 QUERCIFOLIA LARV.E WITH BROWN
BRAMBLE-STEMS BEFORE HYBERNATION.

I. Four of 7 nmformly hroivn larvx,, with lichen-covered

sticks.—All were healthy and had eaten freely : 3 were
on the hawthorn branch, 1 on the muslin. All were
distinctly brown.

J. Three of 7 uniformly broion larvae, with black twigs.—
One larva was dead, while 2 healthy ones had evidently

eaten. Both were on the black twigs, and possessed the

same dark brownish ground-colour with brown patches as

the 4 last-mentioned larvse (I).

K. 7'Ac 4 most distinctly spotted or lightest larvm, with

broion stems.—One larva was dead, while 3 healthy ones

had evidently eaten. All 3 were on the hawthorn-branch.
This set still included the most distinctly white-spotted

individuals of the whole 11. It was evident that no
change occurred during hybernation.

IV. THE 14 QUERCIFOLIA LARV.i: UPON GREEN LEAVES
AND SHOOTS OF THE HAWTHORN.

L. Seven larvse enclosed in a muslin bag containing a
branch of the hawthorn.—One larva was dead, 3 were on
the branch, 2 on the muslin, while 1 became detached in

removing the bag. All had left their foot-holds, with the

doubtful exception of one on the branch. All 6 were
healthy and irritable, and most of them had evidently fed

;
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in fact one of those on the branch was eating when the

exaniination was made. The larv;e were on the whole
darkish but very variable.

M. Seven larvie arranged as in the last set (L). One
larva was dead, 2 were on the branch, and 4 were on the

muslin. All had left their foot-holds and were healthy
and irritable. Tliey had evidently eaten. Their appear-
ance was similar to that of the set last described.

A complete history of the larva? of each set, I to IV,

subsequent to hybernation, will now be given, followed by
an account of the careful comparisons of the whole which
were made from time to time, all the larva^ being then
placed on a uniform background of white paper.

T. THE QUERCIFOLTA LARV.E ON BLACK TWIGS BEFORE
HYBERNATION.

A. The o chequered hlach-and- white quercifolia laj'vx on

hlack twigs throughout.

April 7th.—Re-fed. Three black larvae with small

white patches. Unchanged when re-fed on the 10th : all

on twigs.

April 16th.—Re-fed. Two larvjT? on twigs, 1 on haw-
thorn : appearance unchanged, as also when re-fed on 20th,

23rd, 27th, and May 8rd : all larva? invariably resting on
the twigs.

Mat/ 1th.—Re-fed. One larva unaltered, while 2 had
changed skin, and the white markings had become less

bright. In one of these the old skin was still adherent
anteriorly. This larva was removed to cylinder C (p. 344').

The other older darker larva was sent to Lord Walsingham
on May llth.

May llth.—Re-fed, The single remaining larva was at

rest on twig ; it was still black with white markings, and
was unaltered when re-fed on the 17th, 22nd, and 25th,

its position on the twig being noted on the two former
dates. It was sent to Lord Walsingham on May 31st.

B. The five darkest quercifolia larvm with lichen-covered

sticks during and after hybernation.

April 1th. Re-fed. All 5 larva- black, 3 of them with
white spots.
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April lOth. Re-fed. Four larvae on sticks. Appear-
ance unchanged.

A'pril IQth. Re-fed. Four on sticks, 1 on hawthorn.

Only 1 larva was now entirely black, the remaining 4 had
acquired large white patches. Two larvse, including the

first-mentioned, were removed to cylinder B^.

April 20th. Re-fed. All 3 on sticks, appearance un-
changed and on sticks, as also when re-fed on the 23rd.

April TJth. Re-fed. Two on sticks, 1 on hawthorn.

It was noted that in one of the larvae the white marks
were less developed than in the others.

May Id. Re-fed. The last-mentioned larva had
changed skin and the white markings were reduced to a

single anterior pair and were quite small. The 2 others

remained as before, and no further change was seen when
the 3 larvae were re-fed on the 3rd, 11th, 17th, 21st, and
25th. They were noted as at rest on the sticks on all these

dates, except the first and last. The darkest larva was
painted by Mr. Bayzand on May 19th, and is shown in

Plate XVII, fig. 14. Of the two others, the one with the

more intensely black ground-colour was painted by him
on the 22nd, and is shown in fig. 15 of the same plate.

Both these figured larvae were sent to Lord Walsingham
on May 25 th, and the third was sent on May 31st.

B^. The t'loo quercifolia larva} separated jrom cylinder B on

April IQth.

April IQth. The larvae were respectively entirely black,

and black with Avhite patches.

April 20th. Re-fed. Both on sticks, colour unchanged.
Similar results were noted when re-fed on the 23rd and
27th.

May 1st. Both larvae had apparently changed skin.

The darker one had gained a pair of small Avhite marks
anteriorly. On May 5th the larvae were brought back
from London. No further change.

May nth. Re-fed. The black-and-white larva was
sent to Lord Walsingham. The single dark larva, on stick

;

appearance unchanged. Similar notes on the 17th, 22nd,

and 25th, except that it rested on the hawthorn on the

first-named date, and its position was not recorded on the

last-named. The larva was sent to Lord Walsingham on
May 31st.
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C. TliTcc dark quercifolia Im^vai {out of 6) on Uach twigs

throughout.

A^yril 7th. Re-fed. Two larvte dead. The third at rest

on twig-; black. When re-fed on the 10th it was on twig
and unchanged.

April IQth. Re-fed. At rest on twig. It had changed
skin and was black with a few whitish spots. When
re-fed on the 21st, 23rd, 27th, and May 3rd it was un-
changed, and on each occasion resting on a twig.

3fay 7th. Re-fed. At rest on twig; unchanged. A
rather darker larva from cylinder A was added. Part of

the skin of the previous stage was adhering to the anterior

part. When re-fed on the 11th, l7th, 21st and 25th,

these larvaB were unchanged in appearance. Upon all

dates except the last it was noticed that they were both
upon twigs. Both larvae were sent to Lord Walsingham
on May 31st.

II. THE QUERCIFOLIA LARV.i: ON LICHEN-COVERED
STICKS BEFORE HYBERNATION.

D. Four dark, white-ynarked quercifolia larvm, including the

darkest of II, on lichen-covered sticks throtcghout.

April 7th. Re-fed. Four larvae, of which one appeared
to be unhealthy. All were darkish with large white
patches.

April 10th. Re-fed. One larva had died, 3 upon sticks.

Two had changed skin, 1 remaining unaltered, the other
with a further extension of the white patches.

April 16th. Re-fed. Two larvas upon sticks, 1 upon
hawthorn. All were dark with large white patches, and 1

larva was very small.

April 'list. Re-fed. The 2 larger larvae on sticks, the
small one on hawthorn. The former dark grey and pale

greyish-brown respectively ; both with very large white
patches. The small larva was brownish-grey with pale

marks. When i-e-fed on the 23rd all were on sticks and
unchanged, as also on the 26th, except that the small larva

was on the hawthorn.
May Srd. Re-fed. The pale greyish-brown larva had

changed skin and was now a darker blackish-brown, with
large pale markings. The other larvae were unaltered.

May 11th. Re-fed. Two on sticks, the third, the large
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dark grey larva, having been sent to Lord Walsingbam on
this date. The remaining large larva was dark brown
with large yellowish markings ; the small larva had
changed its skin and was bluish-grey. The larvse were
re-fed on the 17th and 22nd, when they were on sticks

and unchanged in appearance. The larger larva appeared
to be unhealthy on the 22nd and died on the 23rd.

May loth. Re-fed. The colour of the small larva was
unchanged, as also on June 1st and 7th. It continued to

grow slowly without further change, and finally spun up
on July 28th.

E. Three dark, ivhite-niarhed quercifolia larvse, including

the darkest hut one in II, on hlack twigs during and after

hybernation.

.April 7th. Ee-fed.

A'pril IQth. Re-fed. All 3 larvae on twigs. Two larvas

had changed skin, but the appearance of all 3 remained
the same, viz. black with very conspicuous white markings.
They were unchanged and at rest on the twigs when
re-fed on the 16th, 21st and 23rd.

April 26th. Re-fed. All on twigs. The dark colour of

the larvae appeared to have become more distinctly grey

—

dark grey in two case.s, grey in the third. As before, the
dark shade was combined with white markings.

3fay 2nd. One dark grey and white larva had changed
skin and was blackish and white.

May 11th. Re-fed. The largest larva with a rather

darker ground-colour than others was sent to Lord
Walsingham. The 2 remaining larva3 on twigs ; both
blackish and white. Re-fed again on the 17th, when they
were on the twigs and unchanged. The smaller larva did

not seem healthy and had not grown like the other. The
larger larva, the darkest of all in set II, was painted on
May 17th, and is represented in Plate XVIII, fig. 4.

May 22nd. Re-fed. Two larvae on twigs. The appear-
ance unchanged, but neither looked healthy. The larger

larva died on the 25th and the smaller on June 1st.

F. One light quercifolia larva on lichen-covered sticks

throughout.

April *lth. Re-fed. White and pale grey.

April 10th. Re-fed. On stick. The larva had changed
its skin, and had become white with markings of two
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shades of brown. It was re-fed on April 16th, 21st (mark-

ings of two shades of pale brown), and 23rd, and was
always found on sticks with appearance unchanged.

A'pril 26th. Re-fed. On stick. The larva was now
white with grey and brownish markings. On May 3rd it

was i-e-fed, the appearance being unchanged.

May nil. The larva had changed skin ; the white parts

had become yellower. It was re-fed on May 11th, I7th,

and 22nd, and was noted as at rest on stick on the 11th

and 22nd. It remained to the end of a yellowish-white

with markings of grey and brown.

May 25tk. The larva was painted by Mr. Bayzand and
is shown in Plate XVIII, tig. 3. It was sent to Lord

Walsingham on the same date.

G. Ttvo light quercifolia larvx on black tvdgs during ajld

after hyher-nation.

A^jril 7th. Re-fed. Both lichen-like.

Ajml 10th. Re-fed. Both at rest on twigs. One had

changed skin, and the greyish markings had become rather

darker. Both were at rest on twigs with appearance

unchanged when they were re-fed on the 16th.

Aj^ril 2lst. Re-fed. Both on twigs. One larva was

white with pale grey markings, the other creamy-wliite

with markings of a brownish-grey. Unchanged and on

twigs when re-fed on the 28rd.

A])ril2Qtfi. Re-fed. Both on twigs. The white colour

of the larva first mentioned on the 21st had gained a faint

bluish tinge. The other larva unchanged.

May 5th. Re-fed, after having been brought back from

London. The creamy-white larva had changed skin and

was rather pater in tint. Both were on twigs and un-

changed when re-fed on the 11th. The creamy-white

larva was painted by Mr. Bayzand on the 14th, and is

shown in Plate XVIII, lig. 1.

May 11th. Re-fed. Both on twigs. One larva large

and pale creamy-white with greyish-brown markings.

The other much smaller, white with bluish-grey markings,

but with tints duller than they were formerly. It had not

pTOwn mucli, nor changed its skin. Both larva3 were un-

changed in appearnce, and were resting on twigs when
they were re-fed on the 22nd. The creamy larva was sent

to Lord Walsingham on May 25th. The smaller bluish-
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grey larva was painted on May 28th, and is shown in Plate

XVIII, fig. 2. It was sent to Lord Walsingham on
May 31st.

H. The hrovmisli qncrcifoUa larva and the larva with hhmh-
ivhite marks on lichen-covered sticks throughotbt.

A2iril 7th. Ke-fed. One larva dead ; the other grey
and white. The larva was re-fed on the 10th, 16th, 20th,

23rd, 26th, and on May 3rd. Its appearance remained
unchanged. On all these dates except the last it was
noted that the larva was at rest on the sticks. On May
5th it was dead.

III. THE QUERCIFOLIA LARVJi ON BROWN BRAMBLE-
STEMS BEFORE HYBERNATION.

I. Foi(r 'Uniform qiiercifolia larvm on lichen-coveixd sticks

d.uri7ig and after hybernation.

April 7ih. Re-fed. All 4 dark brown, 2 rather darker
than the others.

April 10th. Re-fed. All 4 at rest on sticks: 2 un-

changed, and 2 had changed skin, becoming respectively

dark grey with white patches and blackish-grey with white
patches and brown marks,

April IMh. Re-fed. Larvae on sticks. The larger ones
unchanged. The 2 smaller had now changed skin, be-

coming respectively very dark blackish-brown with white
marks, and dark brown mottled with pale grey.

Apiril 16th. Re-fed. Larvae on sticks. The 2 larger

darker larvse were now placed in another cylinder. The
two remaining were respectively—mingled shades of dark
and light grey with brown patches, and a uniform grey
with large white patches. These 2 larvae were re-fed on
April 21st and 23rd without change. They were always
at rest on the sticks.

April 2Qth. Re-fed. Both larvge on sticks. One larva

retained same appearance, grey with brown patches ; the
other was of a pale brownish-grey with paler marks.
May 1st. The latter larva had become of a much darker

brownish-grey Avith brown and pale marks. On May 3rd

they were re-fed, and both were on sticks : appearance
unchanged.
May 11th. Both larval' on ^sticks. The last described
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larva unchanged. The other had now also darkened,
becoming blackish-grey with paler marks. The larvie

were re-fed on May 17th, 21st, and 25th, without further

change in appearance. It was noted that they were at rest

on the sticks on the 17th and 21st. On May 31st both
larvoe were sent to Lord Walsingham.

Y. The tn:o larger darker quercifolia larvm separated from
I on April IGth.

AjJril 16th. One larva was now blackish-brown with
white marks, the other very dark grey with white and
brown marks.

Ajrril 21st. Re-fed. One larva on sticks, 1 on twigs

of hawthorn. Appearance unchanged, as also on April

23rd and 2Gth, when they were re-fed and both found on
sticks.

May 1st. The dark grey larva had changed skin and
become blackish-brown with pale and brown spots. On
May 3rd they were re-fed and found unchanged in appear-

ance on the sticks.

May 11th. The larva with pale and brown spots was
sent to Lord Walsingham. The remaining larva was at

rest on stick, and blackish with two pale marks. It was
re-fed on May 17th (on stick) and 25th. On the 31st it

was sent to Lord Walsingham. There was no further

change in its appearance.

J. Two uniform quercifolia larvie on hlach ticigs dAtring

and after hyhernation.

April 7th. Re-fed. One larva purplish-brown and black,

the other had changed skin and was black with small

white patches and minute brown points. Both were resting

on twigs and unchanged in appearance when re-fed on
the 10th.

Ap)ril IQtli. Re-fed. Both on twigs. The purplish-brown

and black larva appeared to be even darker, the other

unchansjed. Both Avere on twiofs and unaltered when
re-fed on 21st and 23rd.

April 26th. The black larva with small white jDatches

and minute brown points was dying.

April 27th. The last-mentioned larva was dead. The
other purplish-black larva was at rest on a twig.

3Iay 1st. The larva bad changed skin, and was black with
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a pair of small white marks. It was on a twig unchanged
when re-fed on the 3rd.

May 25th. The larva was sent to Lord Walsingham.
Mr. Bayzand completed his painting of it on the 11th, and
the larva is represented on Plate XVIII, fig. 6.

K. Three of the moo-e spotted or lighter cpiereifolia larvie on

hrovm hrcinible-sterns throughout.

April 7th. Re-fed, One larva brown, 1 brown with few
white marks. The third grey-brown one had changed
its skin and become brown-grey with white patches.

April 10th. Re-fed. Larvae resting on stems. The
brown larva had become brown and very^ dark grey with

white patches. The other two remained the same.

April 16th. Re-fed. Larvae resting on stems. Tlie brown
larva with a few white marks had become darker, and was
now black along the median dorsal area and very dark
brown on the sides : the white patches large. The two
other larvse remained the same.

April 20th, 2Srd, and 27th. The larvae were re-fed on
each of these dates, and were invariably found upon the

stems. The appearance was unchanged.
3Imj Isf. One of the brownish-grey larvae changed its

skin, becoming rather browner in shade.

Ifay Srd. Re-fed. Three larvae resting on stems. Ap-
pearance unchanged.
Mag 11th. Re-fed. Two larvae on stems. Appearance

unchanged. Mr. Bayzand finished painting the brownest
larva which is represented on Plate XVIII, fig. 5. The
brownish-grey larva sent to Lord Walsingham for pre-

servation. Another brown one was sent on the 12th.

3Iay nth, 22nd, and 2bth. The single remaining larva

was re-fed on each of these dates. It was noted as at rest

upon a stem except on the 25th. Its appearance was the

same on all occasions, viz. blackish with pale grey marks
and brown spots. It v/as sent to Lord Walsingham on
May 31st.

IV. THE QUEECIFOLIA LARY^ OX LEAVES, TWIGS, OR
SHOOTS OF THE HAWTHORN THROUGHOUT.

L
April 7th. Re-fed. One brown larva dead. Appearance

of others unchanged, viz. 3 brown and 2 blackish-brown,
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April IQth. Re-fed. Three larvae unchanged. One brown
and 1 blackish-brown larva had changed skin and become
blackish-grey with large white patches.

Ajjril 16th. E,e-fed. The two largest larvaj last described

removed to another cylinder, U. The three others un-
changed. One of two smaller brown larvie appeared
unhealthy.

Airril 20th. Re-fed. One larva had changed skin and
grown much. Of the others, neither of Avhich had changed
skin, one was dead and one appeared to be dying.

AjJril 2Srd. The single healthy larva was brownish-black

with white marks.

Ajyril 27th. The small larva was dead. The appearance

of the other unchanged, as also on May 3rd and 11th, when
it Avas again re-fed. On May 17th the larva had died.

L\

The two larvai separated from L on April 16th were

re-fed and examined on April 21st, 23rd, and 27th, the

appearance remaining the same throughout, viz. dark

grey "with large white patches. On May 3rd the lai'ger of

the two larvffi looked sickly ; on May 5th it was dead and

the smaller one seemed unhealthy. The latter died on

Mav 7 th.

M
A^jril 7th. Re-fed. Five larva^ alive, all greyish-brown.

One of two unhealthy-looking larvas had died.

Airril lOih. Re-fed. Four larvse unchanged ; the fifth

had changed skin and had developed larger white patches.

April 16th. The 2 largest larvas Avere now separated

and placed in another cylinder, M\ The remaining 3

were brownish-grey, 2 of them with pale patches. The
smallest was browner than the others and appeared to be

unhealthy.

April 'list. Re-fed. The last-mentioned larva was dead
;

the others unchanged in appearance although one had
changed skin durino- the interval.

April lord. Re-fed. Unchanged.
April 27th. Re-fed. One larva had become darker, viz.

blackish-grey with white patches. The larvse were re-fed

and compared on May 3rd, 11th, and 17th, without change

in appearance.

May 22nd. Re-fed. The brownish-grey larva had died,

the darker one imchanijed.
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3Iay 2oth. The last-named larva had died. Neither of

these larva? had grown larg-e.

w
The 2 largest larvse separated from M on April 16th,

Both were greyish-brown with distinct wliite patches.

April 2.1st. Re-fed. Unchanged. The larvfe were also

re-fed on the 23rd, 27th, May 3rd, 11th, l(3th, and 22nd,
and examined on each occasion. The appearance remained
the same throughout. On the 25th both were sent to

Lord Walsingham.

Second General Compaeisox after Hybernation.

April Tlth, 1894. The larvae were carefully compared
and were all placed upon a background of white paper.

Nearly all of them were sluggish, probably preparatory to

the last ecdysis.

I. THE QUERCIFOLIA LARV.E WITH BLACK TWIGS BEFORE
HYBERNATION.

A. The three chequered larva} with black twigs.—These
larva? were unchano-ed and still remained the lightest of

the whole of series T. Hence the black twigs had pro-

duced no effect during hybernation.

B. The Jive darJcest lo/rvm enclosed with lichen-covered sticks

during hybernation.—One was very dark, the darkest of

the whole group ; 1 was dark with faint light spots ; 3

were black chequered with white markings, which however
were less developed than in A.

It is possible that these last-mentioned three larva? may
indicate some susceptibility to the effect of the lichen-

covered sticks after they were enclosed upon the tree and
before the commencement of hybernation.

C. The sir dark larvie with black ticigs.—Only one
larva was alive, and this was dark with very faint dull

white spots.

All the above described larvae were healthy and
well up to the average size.

II. THE QUERCIFOLIA LARV.E WITH LICHEN-COVERED
STICKS BEFORE HYBERNATION.

D. The four dark, white-marked lartie, icith lichen-covered

sticks.—Three larva? were alive and unchanged : one was
very small.

TRANS. ENT. SOC. LOND. 1903.—PART III. (OCT.) 2-i
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E. The three sirnilar htrvji', with hlacl- twif/s.—These also

were practical!}- unchanged and like D. One of these

was now the blackest larva, but the smallest in D was
almost exactly the same. It is possible that some very

slight etfeet was produced by these black twigs before

hybernation.

F. One of the three lightest larrm unth lichen-covered sticks.

—The larva was quite unchanged.
G. Two of the three lightest lanw irith black twigs.—No

eftiect had been produced by the black surroundings. The
bluish-grey larva remained very distinct.

H. Two larva' with lichen-covered sticks.—The brownish
larva had died. The other still remained the darkest

individual of the lighter part of the group (F, G, H) as

it was when the arrangements for hybernation w^ere made.

Comparing these two important groups I and II as a

whole, it was seen that the lightest larva of I (in A) was
almost precisely similar to the darkest of II (in E) :—in

fact they could not have been distinguished as regards the

size of the light patches. On the other hand, the larva in

I was healthy and of the average size, while that in II

was rather small. The smallest in D was not considered in

this comparison, as it had grown but little and was a stage

behind the others. Its light patches, although very dull

and grey, were almost exactly the same size as those of the

darkest larva in D. The remaining nine larvse in II were
al] large and healthy, and much lighter than the lightest

larva in I.

III. THE QUERCIFOLIA LAEV.E WITH BROWN BRAMBLE-
STEMS BEFORE HYBERNATION.

Compai'ing these as a whole with sets I and II it was
obvious that the lightest of them was distinctly dai'ker

than the darkest of the group just described (II) and exposed

to lichen before hybernation. The larva? were perhaps as

dark as those in group I, exposed to Turkish oak before

hybernation, but they were not so black, and, except in two
larvje, the light markings were less white, being greyish

and clouded over.

I. TJic fonr unifoo'ni dark larvm with lichen-covered sticks.

—Two larva? were verV dark with a dull blackish oround-
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colour. The two others were uot so dark and bore brown
points and patches, which tended to fuse at their edges

with the dark greyish ground-colour.

J. The three similar larvm vnth hlack tivigs.—Only one
larva was alive, and this was rather darker than the darkest

of the set just described (I), having a dull blackish ground-
colour. One dead larva had a very black ground-colour

with brown dorsal points and distinct although small white

patches. It is probable that some slight effect was
produced by the black twigs just before hybernation

began.

K. The four lightest and most distinctly sjiotted larvae,

ivith hro^on twigs.—Three larvae were alive. The smallest

one possessed the blackest ground-colour and the whitest

patches of any in the whole series (III). The other two
closely resembled the two lighter larvae in I.

IV. THE QUERCIFOLIA LARV^ UPON GREEN LEAVES AND
SHOOTS OF THE HAWTHORN.

L, M. There was no distinction between the two lots.

The larvae, as before hybernation, presented a great range

of variation, but the ground-colour was upon the whole
greyish. The lightest individual was rather lighter than
the darkest of those upon lichen before hybernation (II),

while the next in order was about the same as the darkest

of II. Four others were rather less light, while a fifth was
a distinctly dark form. Hence the set was upon the

whole intermediate between I and II and distinctly

lighter than III.

April 2Hth. The length of all those larvae which had
ceased to feed preparatory to a change of skin was about
56*0 mm. A few days later the cast skins were examined,
and were seen to possess the white markings as well as the

dark ground-colour. Hence these characters are in part,

if not entirely, cuticular in position.

Third General Comparison of the LARv.t: made
AFTER Hybernation, May 7th.

I. the QUERCIFOLIA LARV.E WITH BLACK TWIGS BEFORE
HYBERNATION.

A. The 3 chequered larvx with Mack twigs.—Two larvae

were dark, and 1 black chequered with white markings,
which were larger than those of any other larvae in I, but
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much smaller than any in II, except the small larva in

E and 1 in D.
B. The 5 darkest larvse with lichen-covered sticks.—Three

larvse, 1 of which was changing its last skin, were black
chequered with white markings, which were not quite so

large as those of the larva in A. Two larva? were very-

dark and unspotted.

C The single dark larva with black twigs was changing
its last skin, and was still dark.

Hence probably no etiect had been produced by the

surroundings to which the larva^ had been exposed since

hybernation.

II. THE QUERCIFOLIA LARV^ EXPOSED TO LICHEN-
COVERED STICKS BEFORE HYBERNATION.

D. The 8 dark, white-marked larva} with lichcn-covoxd

sticks.—Two larvae were large in the last stage. One ofthem
became much darker after changing its last skin, but still

remained black with lioht markings. The effects of their

dark and light tints were more brownish and yellowish,

and on the whole darker than those of the 2 large larvae

in E. In fact, a comparison of D and E did not support

the conclusion that the larvae were sensitive to their

environment after hybernation.

The small larva in D which had laffojed behind the

others had changed its skin and was rather lighter. It

was still in an earlier stage than any of the others, but
apparently healthy.

E. The 3 similar larva} with Uack twigs during and
since hybernation.—Two larva- were large in the last stage

and remained black-and-white. The third larva was smaller

and had been injured. It was probably unable to change
its skin in consequence.

F. One of the lightest larva} with lichen-covered sticks

tho'oughout.—This larva was in last stage, and its light

markings had become much darker in tint, being of a

yellowish-brown colour.

G. Tvjo of the lightest larva} with blcwk twigs during and
since hybernatio7i.—The lighter of the 2 remained about

as in the previous stage ; the other, the bluish-grey larva,

had not yet changed its last skin, but was apparently
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rather darker. Tliese 2 larv;x3 were upon the whole
somewhat lighter than those in F and H.

H. The larvie with hluish-iohite spots exposed to lichen-

covered sticks throughout.—This larva was dying. It was
now lighter than the larva in F, but this difference was
entirely due to changes in the latter.

III. THE QUERCIFOLIA LARV^ WITH BROWN BRAMBLE-
STEMS BEFORE HYBERNATION.

I. The 4 uniform larvm -with lichen-covered sticks during
and since hybernation.—Three larvae were in the last stage,

2 of them brownish with small white spots like those in K,
but with the ground-colour darker. The 3rd was con-

siderably darker. The 4th larva was changing its skin.

It possessed a deep brownish-black ground-colour, which
appeared to be overspread with grey.

J. The uniform larva with black Pioigs during and since

hybernation.—The larva was very large in the last stage,

and very uniformly dark and unspotted, although rather

less black than those which had been exposed to black twigs

before hybernation (I).

K. The 3 spotted or lighter larviB upon brown stems

thro^i.ghout.—Two larvae in the last stage were dark
brownish with small light patches. The third, in the last

stage but one, was more black-and-white, resembling the

larvae which had been exposed to black twigs before

hybernation (I).

Compared as a whole the larvae of I were blacker than
III, although these were very dark. The latter were
distinguished by greyish-brown shades absent from the

ground-colour of I. The light patches, when present,

were distinguished in III by a brownish tinge, and were
more clouded and less distinct than in I.

Comparing carefully the darkest larva of II (viz. the

4 darkest in D) with those of I, it was seen that the pale

patches were of the same size as those of the larvae in w^hich

they were most developed of all exposed to black twigs

(viz. the lightest larvae in A). But although the patches

were of the same size, those of the former were yellowish-

brown and clouded, and those of the latter white. The
ground-colour of the larva in II was, however, much lighter,

being a brownish-black, than that of the ligljtest larva in

I. Hence the darkest larva in 11 was distinctly darker
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than the lightest in I as regards its pale patches, but

distinctly lighter as regards its ground-colour. And this

comparison only holds for a single exceptional dark larva.

All others in II were far lighter than any in either I or III.

lY. THE QUERCIFOLIA LARY.E EXPOSED THROUGHOFT TO
THE LEAVES AND SHOOTS OF THE HAWTHORN.

Only 6 larvfe remained alive, and of these but 2 were in

the last stage. Four larvaft possessed a ground-colour very

like that of series III, but the white patches were far

larger, and tended to spread as a greyish shade down the

sides. The light patches were, however, much smaller

than in the larv.'^ of series II. One of the smallest larvae

was dark with very small white patches, like one of the

darkest of III. A dying larva, unable to change its skin,

was intermediate between this latter and the 4 first-

mentioned larvoB.

The colours of these larva? in series IV seem to have
been influenced by the brownish and greyish twigs and
shoots of the hawthorn.

Last General Comparison of the quercifolia
LARv^ after Hybernation, Mat 25th.

Of series I it was recorded that the single larvae in A
and 2 in B were black with conspicuous white markings

;

while 1 in B, 1 in B^, and 2 in C were dull black with
onl}^ a pair of small inconspicuous Avhite mai'kings.

Of series II nothing is recorded which is not contained

in the description of cylinders D to G.

Of the 4 larva? then remaining in III it was noted that

the lan'fB in K much resembled the black-and-white ones

in A and B ; while the 3 in I and I^ were dull blackish

with the pale markings ver}" inconspicuous.

Only 2 larvae remained alive in IV. The brownish
ground-colour of both was much clouded and overspread

Avith grey, and the pale patches tended much to spread

downwards, becoming grey and clouded especially towards
the ventral surface.

Transfer Experiments with the Lary^ of
Amphidasis betularia in 1896.

A female moth, captured at Oxford, laid a small batch

of eggs, which provided the material for the following
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experiments, undertaken in order to attempt to ascertain

the susceptible stages of this highly-vSensitive larva.

The experiment started on May 10th, when the young
larvse were first fed upon the leaves of Fop^dus nigra, all

dark twigs and branches being at first rigidly excluded.

It must be remarked, however, that for a few days after

]&ay 10th the leaves had only just expanded and were
somewhat brownish. Various sets of larvae were withdrawn
from the stock, and the transference experiments were then
conducted in the following manner. All measurements
were taken when the larvse were stretched and straight.

A convenient summary of the results of the following

experiments will be found in the table on page 319.

A. A. hetularia.

May l&h. Twenty hetularia larvae at the end of the 1st

stage, and nearly all changing the first skin, and 5*0 mm.
long, were transferred from green to black surroundings

(the twigs of the Turkish oak). Up to this date the green

leaves of P. nigra upon which they had been placed on

May 10th were somewhat brownish, because the buds had
only just opened.

3fay 20th. The larvffi were examined from time to time

between the 16tli and this date, and had always been found

upon the leaves and never upon the twigs. On the 20th

every single larva was found upon the leaves. They even

avoided the stem of the food-plant. Ten larvae changing
the 2nd skin, and 8 "5 mm. long, were re-transferred into

green surroundings (A^). The 10 remaining larv* had
attained various degrees of development in the 2nd stage,

3 being at the end of it, but not yet changing the 2nd
skin. From this date to the 29th these 10 larvae were fed

upon Balsam Poplar, but from the latter date onwards
upon F. nigra.

May 25th. Only 1 on the twigs, the rest on the leaves.

One larva was changing the 2nd skin, and none had yet

entered the 3rd stage.

May 29th. Two larvae on the twigs, and both these

were changing the 8rd skin. Of the rest 1 was cho.nging

the 3rd skin and 125 mm. long, and 2 had just changed
it. These 5 were re-transferred to green surroundings

(A-). The remaining 5 were in the 3rd stage, 4 nearly at

the end of it, and 1 very small.

May Vyl st. Only 1 on twigs. Four changing 3rd skin,
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the 5th still small in the 8rd stage. The black twigs were

removed at this date, and the 5 larvae by this means
re-transferred to green surroundings.

June 2nd. Four in 4th stage, and 1 nearly at the end
of 3rd stage. Four distinct medium brown colour ; 1 very

black.

June otli. One changing 4th skin and light reddish-

brown ; 2 in 4th stage, both darkish brown ; 1 at beginning

of 5th stage and medium brown ; the 5th small one was
only 9"0 mm. long.

June IMh. One small in 6th stage, and dark brown
with distinct grey markings prominent on it ; 1 changing
otli skin and light brown with ventral surface rather

greenish ; 2 at end of 5th stage, 1 intermediate and 1

similar to but rather darker than the larva changing its

skin.

Jane 20th. Four in 6th stage, 2 dark, overspread with

greyish, 1 green with brown dorsal line and lateral

patches, 1 dark form becoming greenish on the sides.

June 2Qth. One dark larva mature and removed.
July 2nd. The green larva and the one with greenish

sides mature and removed. The remaining larva was very

dark, with distinct sharpl}'-marked pale yellowish spots on
its sides, and one on each side of the dorsal surface of each

segment.

Jul]/ 12th. The larva described above had been
accidentally drowned.

CONCLUSIONS.

The effect of the dark surroundings is evident. The
green environment of the three last stages was doubtless

the cause of the greyish tint, the greenish sides, and the

yellowish spots on the 3 dark larvae. In the case of the

4th larva the effects of the latter surroundings were pre-

dominant, although the larva still retained strong traces of

its earlier environment in the brown markings. Comparing
this result with that of A\ the relative unimportance of

environment in stage II becomes clear.

A^. A. hetularia.

May 20th. The 10 hetularia larvae re-transferred from
black into green at the end of the 2nd stag^e, chancrincr the
2nd skin, and 8'3 mm, long.
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From this date to the 29th the larvae were fed upon
Balsam Poplar, and then again upon Papulus nigra.

May 2otk. Most of the larvae were changing the 3rd

skin, and all were apparently dark.

May 2dth. All had changed the 3rd skin except 2,

which were changing it. All were dark brown except

the 2 latter, which, together with 1 which had just changed,

were hght brown. The average length was 14"25 mm.
Jtcne 27id. Four were changing the 4th skin ; 5 were

at various points in the 4th stage, with an average length

of 20-75 mm.; 1 was in the 5th stage. All were brown,

although not very dark.

Jicne bth. Four were changing the 5th skin, 33'0 mm.
long, and 1 at end of 5th stage. The latter was medium
brown, the others 3 light brown and 1 green with light

brown markings. The remaining 5 were much smaller,

being all in the 4th stage, 3 dark bro\\-n and 2 light brown.

June 14:fh. Five were nearly mature, 2 green sprinkled

with distinct greyish dots much more numerous in the

larger larva, which was practically mature and 55-0 mm.
long. The ground-colour of this latter larva was bright

green, the dorsal tubercles dark grey. Of the other 3

large larvae, 1 was very light grey, almost whitish with

darker dots and mottling, 2 were much darker, blackish

rather than brown, with light gTey markings. The largest

of the set of smaller larvae was changing its 5th skin and

greenish-brown, 1 smaller in the 5th stage was green with

dorsal brown line, 1 smaller still, chocolate brown. Two
larva!" were still quite small, viz. 12"25 mm., and probably

still in the 4th stage. Both were dark brown, but they

appeared to be unhealthy.

June lotJi. The greenest, the whitish, and 1 dark larva

had become mature and were removed.

June 20tJi. One green larva mature and removed. Two
in 6th stage, 1 dark with greyish markings not greatly

developed, 1 intermediate, brownish-green ; 1 changing

5th skin, cjreen, 2 in 5th stage and lightish brown.

June 22nd. The dark larva m 6th stage mature and
was removed. Two larvae in 6th stage, 1 on gi-een side of

intermediate, viz. grreen clouded over but not entirelv

obscured by bro^^^l, 1 distinct gxeen with a brown dorsal

line and a little brown on the sides. Of the 2 smaller

larvae, 1 was in the 5th stage and brownish-green, 1 in

the 4th and light brown.
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June 2Qth. The bro^Ynish-greeD larva iu the 5th

stage was dead. The 2 large ones as last described.

July 2nd. The greenish intermediate larva had become
mature and was removed. The distinct green one was

very large, beiug 64"6 mm. long. The green groimd-colonr

was somewhat dull, and the brown dorsal line broad but

not dark. The remaining larva was in the 5th stage and

intermediate.

July 12th. The last-mentioned larva was dead. The
other had pupated.

CONCLUSION.

The effect of a dark environment during the 2nd stage

alone, although slight, is very remarkable. The grey

which overspread the green forms may be compared to the

grey patches on the dark form in this and so many of the

other experiments.

A-. A. hetularia.

May 29th. The 5 hetularia larvae re-transferred to green

surroundings after they had been in black during the 2nd
and 3rd stages.

May ^\st. All 5 larvae were advancing in the 4th stage,

and all dark or distinct brown.

June 2nd. Two larva;^ were changing the 4th skin and
22"0 mm. long ; the 3 others advancing in the 4th stage.

Appearance unchanged.
June 5th. One larva changing 5th skin and medium

brown : 2 half-grown in 5th stage and 1 nearly at end of

it ; 2 dark brown, 1 of the larger pair light brown. The
5th larva in 4th stage and dark brown.

Jitne \4fth. Four approaching the end of the 6th stage
;

2 very black and 2 similar, except that the ground-colour

was overspread with light grey, in one case slightly, in the

other thoroughly. The latter was nevertheless a darkish

larva. The 5th larva was changing the 5th skin, and

green with a brown median dorsal line.

June loth. One dark larva had become mature and

was removed.
June 2Qth. One dark larva mature and removed. The

remaining 3 larvae were all in the 6th stage. The grey

colour of one of the dark larvae was still very distinct.

The brown dorsal line was pronounced upon the green

larva.
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Jime 26th. The 2 dark larvae mature and removed.
The 5th larva had now became a typical and distinct

bright green form, the brown dorsal line having almost
disappeared.

July 2nd. The green larva mature and removed.

CONCLUSIONS.

This is a deeply interesting little set, showing the effect

of the dark surroundings persisting unaltered in the 2

larvae which were first to pupate, the green environment
producing some effect in the greyness overspreading the

next 2, and predominating altogether in the last.

B. A. betularia.

May 20th. The 51 hetularia larvae remaining in the stock,

with green leaves and shoots of Popmlus nigra, Avere care-

fully examined. Two larvae had just entered the 3rd stage,

having changed the 2nd skin, 5 were small in the 2nd
stage, while all the rest were changing the 2nd skin, and
thus at the end of the 2nd stage. Twenty of these latter

were transferred to a cylinder (B'^j with an abundance of

black twigs of the Turkish oak, while the remainder were
put back into the green environment. From this date to

the 25th all the larvae were fed on Balsam Poplar.

May 2oth. Thirty larvae counted at this date. Of these,

15 changing the 3rd skin were transferred to a cylinder

(B^) with black twigs. The remaining larvae were smaller,

but even in the 3rd stage a small proportion of green in-

dividuals had begun to appear among the brown. All
the larvae were fed on Popuhis nigra from this date
(May 25th) onwards.

May 29th. The 15 larvae remaining in the green environ-
ments were mostly at the end of the 3rd stage and many
were changing the 8rd skin. They were mostly light

brown but some were green.

June 2nd. Six larva3 had reached the end of the 4th
stage, although they were not changing their skins. Of
these 5 were green with slight traces of brown, while the
6th, although green, retained a larger amount of the darker
shade. Six larvae were smaller, having reached various

points in the 4th stage. Of these 2 were green with
slight traces of brown, while four were brownish-green or

lifrht sfreenish-brown. Three larva:- were still in the 3rd
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stage, and of these the smallest was dark brown while the

other 2 were light greenish-brown.

June 3rd. The five largest larvte were changing the 4th

skin, and were placed in a cylinder (B^) with black sticks.

Their colour was as described on June 2nd, and their

length 20'5 mm. The colours of the remaining 10 larvse

had not altered.

Ju7u otJi. Only 9 larva? were found. Two larvae were in

the 5th stage and bright green. Five were more or less

advanced in the 4th stage, and were distinctly green with

a variable degree of development of brown patches. Two
were much smaller in the 4th stage and light greenish-

brown in colour.

J2i//i€ 20th. Three larva? were large in the 6th sta^e, and
all very bright green with onlv a trace or no trace at all

of a brownish tint along the median dorsal line. The other

6 larvae were not noted on this date.

June 26th. Only 8 larvte were found. Two of the

largest green larvae had become mature, and were removed
for pupation. The remaining 6 were of various sizes, but

all were bright green except one.

July 2nd. One green larva was mature and was re-

moved. Three were in the 6th stage, 2 bright green, one of

them with a little bro^vn on the sides and a brown dorsal

line ; the 3rd was intermediate, with a brown dorsal line,

and green and brown patches alternating on the lateral

surfaces. One was changing the last skin and one in the

oth stage, both bright green.

Jul}/ 12fh. One green larva mature and removed.
The 2 small ones were dead. Of the two remaining larvae

in the 6th stage 1 was bright green and 1 intermediate.

CONCLUSIOXS.

The only point which calls for remark is the occurrence

of a single intermediate larva. This was a probable

result of the large numbers of the young larva- in a single

cylinder : so that some eflfect in a specially susceptible

indi\ddual followed from the presence of other young
bro^vnish caterpillars.

W. A. hetularia.

May 20th. The 20 hetularia larvae changing the 2nd skin

transferred from green leaves and shoots to an environment
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of black twigs. The larvte were of a very uniform length
of 8'5 mm.
May 2oth. Six were found on the black twigs, the rest

on the leaves. Ten larvae, all about 140 mm. long, at the
end of the 3rd stage, and mostly changing the 3rd skin,

were transferred to green surroundings (C). The remain-
ing larva? were fed on Balsam Poplar from May 20th until

the 29th. Green forms had begun to appear among the

brown.

May 29th. Only 1 on black twigs. Seven larva; were at

the beginning of the 4th stage, 6 dark and 1 greenish.

Two were changing the 3rd skin and 1 nearly mature in

the 3rd stage.

'Tune 2nd. Four larvas on the twigs. Tvro were chang-
ing 4th skin, and 8 at various degrees of development in

the 4th stage. All brown and the largest larvae verv dark
brown.

'June 'Srd. Onlv 1 on the twias. Two had now chiinofed

4th skin on the 2nd, and were transferred to orreen sur-

roundings (C^) : 1 was very black, the other a medium
brown.

J'une 4th. Three on twigs. All larva? in 4th stage, all

bro"«Ti of various shades : those on the twigs very black.

'Tune oth. Only 1 on twigs and that a light brown one.

One light brown larva changing 4th skin and transferred to

green surroundings (C^). Five in the 4th stage, including

1 dark brown larva which had just died, 1 in 3rd stage.

All brown (more or less dark).

June 7th. Two on twigs, dark and medium bro%\Ti. The
latter was changing its 4th skin and was transferred to

green (C^), together with another dark brown larva

which had just entered the oth stage. The remainder
were as last described, and all were advancingr in the 4th
stage.

June l-ith. Two were on the twigs ; both in the -5th

stage, one dark greyish-brown and the other dark chocolate-

bro^^-n. Two were on the leaves, both in the oth stage and
grevish-brown, lio-hter than the former two.

Ju/u: 20th. Two large in the 6th stage and very dark.

'June 26th. Four in the 6 th stage and all veiy dark
indeed.

'July 2nd. Two of the dark larva? had become mature
and were removed. The remaining larva? were very black
and nearlv mature.
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July 12th. The 2 last larvae had forced their way through
the hole in the plate and were drowned. Their appearance
had not changed, and it is probable that they had become
mature and began to wander.

CONCLUSIONS.

In the final result we probably see the full and cliar-

acteristic effect of the black twigs unmodified by the green
environment in which the two youngest stages were
passed.

B-. A. Ijctularia.

May 25th. Fifteen hcfnlaria larvag transferred from green
to black ; all chanoino- the 3rd .skin and 140 mm. lono-.

Some were becoming greenish, but most were brown.
May 29th. All examined : the colour varied very greatly,

but none were altocjether oreen althouodi there was much
green ground-colour on some. All were in the 4th stage

;

1 only on the black twigs and that happened to be a

particularly green one. Many light brown and many dark
brown.

Jnne 2nd. Five on twigs, 3 in the 5th stage, 1 chan^-
ing 4th skin, and 1 nearly at end of 4th stage. The
latter and 1 in the oth stag^e dark grreenish-brown. the

remaining 3 very dark brown. On the leaves and green
stems there were in the 5th stage, 1 green, 3 light brownish-
green, and 2 light brown (1 slightly greenish) ; in the 4th
stage, 2 brownish-green and 2 medium brown.

June 5th. On the black twigs there were 8 larvae, 7 in

the 5th stage (3 of them changing the 5th skin), 5 dark
brown, 1 bright green (changing skin), and 1 brownish-

green (half-grown in stage) ; 1 in 4th stage and brownish-

green. On the light brown stem of P. nigra was a single

larva which harmonized with it very exactly. On the

leaves were 5 larva;, 2 small in the 5th stage and light

brown, 3 in the 4th, 1 dark (changing the 4th skin), 1

brownish-crreen, and 1 orreenish-brown.

June 14:th. Six larva; in the 6th stage were on the

twigs and very deep black, some of them with a small

amount of greyish markings. One similar larva on
greeu : 1 larva in the 6th stage on green was of a
uniform dull light grey tint : of 2 larva? in the 5th stage,

1 was changing the 5th skin and light brown overspread
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with grey, 1 smaller and darker with less grey. Two
smaller larvfe, probably in the 4th stage, or perhaps at

the beginning of the 5th, were respectively lightish and
darkish-brown.

June loth. One of the darkest larvtehad become mature
and was removed.

Jicne ISth. One of the darkest larva? become mature and
was removed.

June 20th. Two very dark larvae mature and removed.
One very small one dead. Of the 6 in the last stage, 4
were very black, in 3 cases overspread with dull greyish

patches ; 1 was greyish on the dorsal surface, lighter

grey elsewdiere ; the 6th and smallest someAvhat resembled
that last described.

June 26th. All had become mature except that last-

mentioned, which had become a dark brownish-black.

Jidy 2nd. No further change.

July 12th. The larva bad become mature and was
removed.

CONCLUSIONS.

The power of the black surroundings is evident, the in-

fluence of the green being only seen in the occasional grey-

ness on the black larva3,and especially in the one larva which
Avas entirely grey. The brownish shade of the larva which
Avas the last to reach maturity is unusual on the twigs of

Turkish oak. These probable effects of the green on the

larA'se Avhich had been longest exposed to the influence of

black (being the last to pupate), are contrary to the results

observed in the other experiments.

B^. A. hetularia.

June Srd. Five hetularia larvaa in green surroundings
up to the end of the 4th stage were transferred to

black. They were changing the 4th skin and 20'5 mm.
long.

J^ine 5th. One larva, a green one, was on a black twig,

the others on the leaves. Four were brownish-green and
1 medium brown. All were advancing in the 5th staoe

and about the same size.

June 20th. Three large in the 6th stage, 1 dark smoky-
black ; 1 greyish smoky-black, and 1 intermediate, greenish-

broAAm. One small one dead, 1 missing.
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June 2Qth. One had pupated, aud 1 was matui-e and
removed. The 3rd larva was greyish smoky-black.

July 2nd. The last larva had become mature and was
removed.

CONCLUSIONS.

The great power of a black environment is well shown,
in the production of 2 dark larvae and 1 intermediate.

At the same time the dark larvas were not quite the

characteristic forms produced by black-barked twigs.

C. A. hetularia.

May 25th. Ten of the 20 hetularia larvte transferred from

green to black for the 3rd stage, and re-transferred to

green at the end of it when they were changing the 3rd

skin and 140 mm. long.

May 2dtJi. All in 4th stage and all dark.

June 2nd. Four in 5th stage, 5 changing 4th skin, 1 not

quite mature in 4th stage. All dark brown.

Juoie 5th. Four changing 5th skin and 33"0 mm. long
;

2 nearly mature in 5th stage ; all lightish brown over-

spread with a greyish cloud. Three small in the 5th stage,

2 of them as above and 1 dark brown. One in 4th stage

and very black.

Jmie l^th. Six nearly mature in the Cth stage and all

very dark smoky-black with a pair of distinct grey patches

on the dorsal surface of each segment. Three in the 5th

stage, 2 as above and 1 lighter and really intermediate.

June 15th. Three dark larva; had become mature and
were removed.
June 18th. One dark larva mature and removed.

June 20th. Two larvae large in the 6th stage, very dark

smoky-black with the paired segmental light grey patches

distinct.

June 2<6th. The 2 larvie above described had become
mature and were removed. Of the 3 remaining larva', 2

were large in the 6th stage, one bright green with brown
dorsal line and a small brown patch on anterior part of

each side of the segments, the other smaller and darker

with more brown upon it, but still with a bright green

ground-colour. The third larva in the 5th stage and
chocolate-brown.

July 2nd. All 3 in 6th stage, but the smallest was now
intermediate. In view of the considerable development of
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brown markings the other 2 can only be considered as

rather on the green side of intermediate.

July 12th. The smallest larva was still feeding and still

intermediate. The other two had become mature and
were removed. There was no further change.

CONCLUSIONS.

These results are deeply interesting. The 6 larvae

which first became mature were certainly influenced by the

green environment of the three last stages, inasmuch as

the final appearance was a dark smokj^-black with a pair

of distinct grey patches on each segment, instead of the

well-known intense dead black which is the characteristic

effect of the black-barked twigs of Turkish oak. At the

same time, the remarkable susceptibility to this stimulus is

seen in the pronounced darkness of these 6 larva3 after only

a single stage (of 5 days' duration) had been passed among
black twigs. It is interesting to note that the 3 inter-

mediate larvse grew more slowly after May 25th, and
thus passed a relatively longer time in the green
environment,

C^ A. betularia.

June Srd. Two hetularia larva? at the beginning of the
5th stage re-transferred to green surroundings after tiiey

had been in black for the 3rd and 4th stagfes.

June 6tJi. A third larva, changing its 4th skin, was
similarly re-transferred. It was of a light brown colour.

Of the 2 former, 1 was nearly at the end of the 5th stage

and dark brown, the other rather smaller and darkish
brown overspread with grey.

Jicne 7th. A fourth larva changing its 4th skin and a
fifth at the beginning of the 5th stage were similarly

re-transferred,

June lifh. Three larva? in 6th stage, smoky-black with
prominent light grey markings especially distinct in one
of them. One in 5th stage and 1 changing 5th skin, both
dark chocolate-brown with a little grey.

June 20th. Four larg3 in the 6th stage, smoky-black
overspread with grey. The black ground-colour resembles
that of the larvse still in black surroundings.

June 2ord. Two had become mature and were removed.
June 2Qth. Two mature and removed. The 5tli was
TRANS. ENT. SOC, LOND. 1903.—PART III. (OCT.) 25
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now large in the 6th stage, a dark brownish-black rather

than the dead black of the other 4 and those still on the

black twigs.

July 12th. Mature and removed. Xo further change in

appearance.

CONCLUSIONS.

In this case the grey which overspread the black

ground-colour of -1 larvae must be regarded as an effect of

the green environment during the 2 last stages. The 5th

larva took longer to develop, and there was a slight

departure from the characteristic dead black of the other

four.
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EXPLAXATIOX OF PlATE XYI.

Eesults of Experiments in 1S93 upon tlie colour-relation between

tlie larv« of Odontopera bidentata and their environment.

All the figures are of the natural size.

Fig. 1. Nearly mature larva of 0. bidenfrita showing the eflfect of

an environment of black-barked twi^ (Querciis cerris).

This typical example of the results of Experiment I wa.s

painted by Mr. P. J. Bayzand on July 31st. 1S93. All the

larvge figured on this plate were fed upon the leaves of

Popnhis nigra, but they nearly always rested by day on

the twigs or pieces of bark made use of in the experi-

ments here illustrated. The larva represented in this

figure is not in its normal diurnal resting position, having

been disturbed ; and the same is more or less the case

with Figs. 3, 5, 7 and 9.

2. Nearly mature larva showing the effect of an environment

of weathered pale grey barkless twigs. This typical

example of the final results of Experiment YII was

painted on .July 28th, A little earlier the larvie had

been rather paler and resembled more closely the majority

of the twigs made use of.

3. Xearly mature larva showLug the efi"ect of an environment

of dark purplish-brown, glossy twigs, probably of birch.

This typical result of Experiment III was painted on

July 30th.

4. Nearly mature larva showing the eflfect of an environment

of white-spotted, purplish-brown twigs of birch. This

typical result of Experiment IV was painted on July

30th. Although the details of the environment were

not reproduced, the larva was distinctly less dark thali

that shown in Fig. 3.

5. Nearly mature larva showing the eflfect of an environment

of green leaves and shoots. The food-plant iPopnlus

nigra) was emjiloyed for this ptirpose, all dark-barked

twigs being carefully excluded. A comparison of this

figure with the others on the same plate indicates that

the leaves of the food-plant produce no effect when they

are combined with dark twigs or lichen-covered bark :

while a reference to Experiments I to XT shows that

the great majority of the larvae rest by day upon these

latter objects in preference to the leaves. This typical

result of Experiment YlII was painted on July 31st.
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Fi(i. 6. About half-grown larva showing the effect of an environ-

ment of bark covered with, bluish-green lichen, probably

Phiiscia pulverulenta. Tliis typical result of Experiment

XIII was painted on August 1st.

7. About half-grown larva showing the effect of the environ-

ment last described. This second typical example of the

results of Experiment XIII was painted on August 3rd.

8. Xearly mature larva showing the effect of an environment

of bark covered with orange lichen, perhaps Physcia

parietina, probably combined with P.2}ulvervlenta. This

typical result of Experiment XIV was painted on

August 4th.

9. Xearly mature larva showing the effect of the environment

last described. This second typical example of the

results of Experiment XIV was painted on August 5th.

10. Xearly mature larva showing the effect of an environment

of lichen-covered sticks. The lichen was probably

Ramo.llna faruuicea. This typical result of Experiment

XV was painted on August 10th.

11. Xearly mature larva showing the effect of the environment

described in Fig. 6. This tliird typical example of the

results of Experiment XIII was painted on August 31st.

Comparing the last six figures of larv* together with the repre-

sentation of the various forms of lichen-covered bark employed in

the experiments, it is seen that there was no special resemblance to

the characteristic features which distinguished one form of environ-

ment from the others. Thus the orange colour of the lichen did not

produce any corresponding effect upon the larvae shown in Figs. 8

and 9.

The whole results prove that hideutata is a larva with remarkable

susceptibility to the colour of its environment. In this respect it

is equal to the most sensitive of all larvse hitherto tested

—

Amphi-

dasis betularia. The latter is more susceptible to green leaves and

shoots, becoming bright green when restricted to their influence.

When exposed to lichen-covered bark, however, hidenta.ta was shown,

in Experiments XII to XV, to be far more sensitive.

EXPLAXATION OF PlATE XVII.

Results of Experiments in 1893-4 upon the colom'-relation between

the larvae of Gastropacha quercifolia and their environment.

All the figures are of the natural size, and all represent the

normal resting position, except that the larvae more frequently rest
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with the head downwards than is shown in the plate. Perhaps the

young larvse under normal conditions invariably rest in this position.

Figs. 1—13 represent the larvte in the autumn of 1893, just before

the beginning of hybernation.

Figs. 14 and 15 represent the larvse, nearly mature in the last

stage, in May 1894.

Fig. 1. Larva of Gastrojxicha quercifolia just before hybernation,

showing the effect of an environment of black-barked

twigs (Quercns cerrid:). This typical example of the nine

black larvte, chequered with white, described on Septem-

ber 21st, 1893. was painted by Mr. Bayzand on Septemlier

25th. Although these larvse had eaten very little, and

had not grown appreciably by October 3rd, the white

marks on six out of nine of them had become reduced

almost to the condition represented in Fig. 3. The white

patches on the larva shown in Fig. 1 had also become

much duller and less conspicuous. The persistence of

the process of colour-adjustment right up to the begin-

ning of hybernation is very interesting, and ci'utrasts

remarkably with its entire cessation during and after

hybernation. The difficulty with which the contour of

the larvae could be made out against the black bark is

correctly rendered in Figs. 1—3.

2. Larva at the same period and exposed to the same environ-

ment as that shown in Fig. 1. The figure represents the

darkest larva, without any trace of white markings,

described on September 21st. The painting was made
on September 23rd.

3. Larva at the same period and exposed to the same en-

vironment as that shown in Fig. 1. This typical ex-

ample of five out of the six darkest larvte, described on

September 21st, was painted on September 26th.

4. Larva just before hybernation, sho^^dng the effect of an

environment of lichen-covered sticks. The lichen was

probably Binnalina farinacea. The figure represents

one of the four lightest coloured larvse produced

in this environment and separated for painting on

September 21st. The larva was painted on October 3rd.

By October 16th, when the larvae of series II were

arranged for hybernation, many changes had taken place,

but this larva remained among the lightest throughout.

5. Larva at the sjime period and exposed to the same environ-

ment as that shown in Fig. 4. The figure represents
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one of the four lightest larvas on Octolser 6th when it

was painted. It was not among the four lightest larvje

on September 21st, but changes took place after this date.

Fig. 6 Larva at the same period and exposed to the same en-

vironment as that shown in Fig. 4. The ligure represents

one of the four lightest larvae sejiarated for painting on

September 21st, and the only one which remained of a

greyish tint, the others becoming brownish. It was

painted on October 2nd.

7. Larva at the same period and exposed to the same en-

vironment as that shown in Fig. 4. The figure repre-

sents one of the commonest types of appearance on

September 21st, viz. the group of six dark white-marked

larvae. The drawing was made on October 10th.

8. Larva at the same period and exposed to the same

environment as that shown in Fig. 4. Among the

eight darkest larva; of this series II ou September 21st,

Avas one in which the white markings possessed a bluish

tinge. This was set aside for painting. But changes

took place later on, and one of the other seven larvae was

found more nearly to represent the previous appearance

of the separated larva. The former, which had become

greyish, was therefore painted on October 9th.

9. Larva at the same period and exposed to the same en-

vironment as that shown in Fig. 4. The description of

Fig. 4 applies in every respect except that the larva here

represented was painted on October 7th.

10. Larva just before hybernation, showing the effect of an

environment of reddish-brown stems of bramble. The
larva rei^resented was one of the two mentioned on

October 16th, in which the light patches were well

developed and' of a brownish tint. It was painted on

October 13th.

11. Larva at the same period and exposed to the same en-

vironment as that shown in Fig. 10. The larva repre-

sented was the lightest of the seven very uniform dark

brown larvaj with lighter brown patches and small white

marks mentioned on October 16th. These light patches,

which are not very distinct in this figure and in Fig. 13,

were generally present on the 2nd, 5th, and 8th abdominal

segments. The larva was painted on September 30th.

12. Larva at the same period and exposed to the same en-

vironment as that shown in Fig. 10. The larva repre-

sented was the brown individual with the dorsal surface
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overspread with grey mentioned on October 16tli. The

greyish appearance does not come out in the figure, the

effect being merely to render the brown of a paler tint.

The larva was painted on October I7th.

Fig. 13. Larva at the same period and exposed to the same envi-

ronments as that shown in Fig. 10. The description of

Fig. 11 applies in every respect, except that the larva

here represented was a specially dark example, and was

painted on October 16th.

14. Larva, nearly mature in the last stage, showing the effect

of an environment of black-barked twigs up to the

beginning of hybernation. During and after hybernation

the larva was placed (I, B) in an environment of lichen-

covered sticks, but, as the figure indicates, it had ceased

to be susceptible to such influences, and no eft'ect was

produced. Before hybernation it had lieen one of the

five darkest larvaj. The painting was made on May 19th.

15. Larva at the same period and exposed to the same environ-

ments (I, B) both before and after hybernation as that

shown in Fig. 14. Although conspicuous white patches

appeared on this and other larva? subsequent to hyber-

nation, it is improbable that this efiect was due to the

lichen which formed the surroundings after the begin-

ning of hybernation. The comparison of the whole

of the larvc-B indicates that they had then ceased to be

susceptible to the colours of the environment. The

larva was painted on May 22nd.

Explanation of Plate XVIII.

Results of Experiments in 1893-4 upon the colour-relation between

the larvaj of Gastfopacha qnercifolia and their environment.

All the figures are of the natural size, and all represent the

natural resting position.

All the figures represent the larva? in the last stage, and all but

one nearly mature, in May 1894.

Fig. 1. Larva of Gastropacha qnercifolia, nearly mature in the last

stage, showing the effect of an environment of lichen-

covered sticks up to the beginning of hybernation.

The lichen employed was probably Ramalina farinaeea.

During and after hybernation the larva was placed in an

environment of Idack-barked twigs (IL G) which, it is.
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obvious, produced no effect whatever. The appearance

of this same larva just before hybernation is represented

in Plate XVII, fig. 4 or 9. The painting of the nearly

mature larva was made on May 14th.

FlG.^2. Larva, small but probably in the last stage, exposed to the

same environments (II. G) both before and after hyber-

nation, as that represented in fig. I. Here too it is

clear that the black-barked twigs which surrounded the

larva during winter and qiring produced absolutely no

effect. The appearance of the same larva just before

hybernation is represented on Plate XVII, Fig. 6. The
painting of the more mature larva was made on

May 28th.

3. Larva, nearly mature in the last stage, showing the effect

of lichen-covered sticks throughout (II, F). The lichen

was probably Ranvalina farinacea. The appearance of

this same larva just l>efore hyljemation is represented in

Plate XVII, fig. 4 or 9. The painting of the nearly

mature larva was made on May 25th.

4. Larva at the same period and exposed to the same

environments both before and after hybernation as that

represented in Fig. 1. The larva here represented (from

II. E) was the darkest of all the mature larvae which

had Ijeen exposed to an environment of lichen before

hybernation (series II). There is no reason to sup-

pose that the black twigs produced any effect in winter

and spring. The larva was one of the seven darkest

in series II before hybernation. The painting was made
on May ITth,

5. Larva, nearly mature in the last stage, showing the effect

of reddish-brown stems of bramble throughout (III, K).

The specimen represented was one of the four more

spotted or lightest larvje before hybernation, and the

same relationship towards the other divisions of this

series (III) was maintained during and after hyberna-

tion. The painting was finished on May 11th.

6. Larva, nearly mature in the la?t stage, showing the effect

reddish-brown stems of bramble before hybernation.

Dnriug and after hyl^mation the larva was placed in an

environment of black-barked twigs (III, J). It had

been one of the uniform brown larva? before the winter,

and there is no reason for the belief that the black twigs

introduced later produced any effect. The painting was
'^ finished on Mav 11th.
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